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Abstract
Exploring how children use their everyday thinking to construct scientific explanations of the
natural world
Ashley N. Kooken
The purpose of this qualitative grounded theory study was to describe and explain
children’s thinking present in multiple related contexts surrounding a single Earth Space
disciplinary core idea in order to provide insight on whether and how children’s everyday
thinking forms the basis for learning in science classrooms. As most previous work on children’s
thinking focuses more on what ideas and thinking are present within specific science learning
contexts, there is a knowledge gap as to how children’s everyday ideas across multiple contexts
provide the basis from which they construct a deeper conceptual understanding about scientific
phenomenon in the world around them. This knowledge gap needs to be addressed since we
know from prior research that children’s everyday thinking both in and out of school provides
the basis for meaningful science learning in classrooms (NRC, 2012).
Five more chapters follow. Chapter 1 details how I became positioned to do this work as
I note my previous experiences as an elementary science teacher and as a graduate research
assistant. Chapter 2 begins with an argument grounded in the literature for the importance of
children’s everyday thinking and ideas in meaningful science learning. In reviewing the
literature, I situate my work among approaches and findings from previous studies on
understanding children’s everyday thinking and ideas in science. In this chapter I also discuss
different theories of learning and knowledge that serve as the basis of this dissertation work. In
Chapter 3, I set the groundwork for my analyses by describing a threefold study design in which
I examined eleven 5th grade students’ ideas and thinking about why stars can only be seen in the
sky at night. In Chapter 4, I present the results of my analysis of the interview transcripts and

student artifact data revealing that children have a range of knowledge pieces—some similar and
others unique—for reasoning about why stars can only be seen in the sky at night and they
assemble the pieces of knowledge to form coherent explanations in a range of ways. Finally, in
Chapter 5, I discuss these key findings indicating that these eleven children’s everyday thinking
and ideas do in fact contain productive pieces of knowledge for science learning, including both
knowledge of science content and scientific practices. I discuss the implications this work has for
the teaching and learning of science, and I identify how I think this work can be used to inform
teacher preparation programs and in-service teacher professional development. This chapter ends
with further questions I have after completing this work that offer promising lines of inquiry for
future areas of study on children’s everyday thinking and ideas.
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CHAPTER 1: INTRODUCTION
Much of the existing work on children’s thinking seeks to describe children’s pieces of
knowledge before or after instruction (Russ, Scherr, Hammer, & Mikeska, 2008; Rowe, &
Kisiel, 2012; Jones, Scanlon, & Clough, 2013; McClain, & Zimmerman, 2014; Avraamidou,
2015; Malleus, Kikas, & Kruus, 2016; Merritt, Bowers, & Rimm-Kaufman, 2019; Canlas, 2021).
As such, we currently lack an understanding of how children work on and with their existing
ideas and thinking to help generate meaningful connections that result in a deeper conceptual
understanding about scientific phenomenon in the world around them. This is the motivation of
this dissertation study—to understand how children gradually restructuring many intuitive,
commonsense pieces of knowledge as learners continuously improve their scientific expertise.
General Statement
Throughout my graduate school experiences, I have had the opportunity to visit many
elementary science classrooms where students’ ideas and thinking about scientific phenomenon
in the world around them were foregrounded. One moment in particular is highlighted in the
exchange below. In this moment, a fifth-grade teacher, Ms. Bernina 1, and her students were
beginning an investigation about shadows. On day one of the unit, the class was discussing how
and why they thought their shadow changed throughout the day. Using an analogy, one student,
Barrett, described why he thought shadows changed during the day:
Ms. Bernina: Any other thoughts?
Barrett:

1

Well, I agree with Nora because like if you’re blocking like
light, then if it’s like directly in line with you it’s going to block
the light for a long ways because like you’re standing in the way of
that light. And the light doesn’t flow around you like, umm, rocks
in like water and pebbles. So it’s going to stay like that, and then,
but if it’s higher like above you then it’s going to be shorter
because it’s just going to be that one spot that you’re standing in.

All names (teachers, students, and schools) in this dissertation are pseudonyms.

1

Ms. Bernina: Interesting. I really like his thought of it’s not like pebbles in water
where the sunlight goes around us and reconnects. That’s what you
were making a reference to. That’s really cool.
This moment stood out to me because Barrett introduced an analogy of water flowing
around a pebble and used it to contrast what happens when sunlight is being blocked by an object
to create a shadow. Barrett used this analogy to reason about and make sense of why shadows
appear longer and shorter throughout the day. According to Barrett, the reason shadows appear
longer or shorter is because light does not flow around an object and reconnect, like water
around a pebble. Barrett’s analogy also stood out to Ms. Bernina as she re-voiced his idea to the
class, but this moment would have never occurred if Ms. Bernina had not initially invited her
students to respond to the “big idea” question—How and why do shadows change throughout the
day?—with their additional ideas and thinking. In this moment, she created a space for her
students’ thinking to become visible, which she did consistently throughout her teaching
practice.
Barrett’s idea about light not flowing around objects like water flows around pebbles
exemplifies why it is important for elementary teachers to make space for students’ thinking to
become visible in their practice as it represents a nugget of everyday thinking that is productive
in Barrett’s (and his peer’s) learning about the scientific phenomenon under investigation.
According to Hammer & van Zee (2006), students’ everyday thinking is a rich, diverse collection
of resources and ways of thinking. These resources are useful in some contexts and not others,
but all are important. This view of students’ everyday thinking involves looking through this
collection of resources, grabbing different pieces, and trying them out. In other words, what
someone thinks can look many different ways depending on which resources they draw on to
reason about and make sense of the question at hand (Hammer & van Zee, 2006; Dennett, 1991;
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diSessa, 2018; Karmiloff-Smith, 1992; Lakoff, 1987; Minstrell, 1992). For example, when asked
how and why shadows change throughout the day, it is likely that Barrett looked through his
everyday thinking and experiences to find resources to help him make sense of this question. He
found the piece light does not flow around objects like water flows around a pebble. In this case,
the resource Barrett activated in the moment can be productive in helping him make sense of
how and why shadows change throughout the day. For example, it highlighted an important idea
for Barrett regarding the “flow” of sunlight—that it behaves differently than water does and
when its path is blocked, it doesn’t just move around whatever is blocking it. Understanding this
idea can help Barrett (and his peers) understand how and why shadows are formed.
Moments like this one with Barrett are abundant—if not in science classrooms
themselves, then in the minds of children as they try to make sense of the phenomenon they
encounter. The point is, children constantly draw on their everyday thinking to make sense of
their world, regardless of whether teachers elicit these ideas in the science classroom and
leverage them in science learning. This is how children (and all people) build knowledge of why
things happen and how things work in the natural world. Thus, reform in science education
acknowledges the importance of teachers attending to their students’ everyday thinking as it
provides the basis for meaningful science learning (NRC, 2012; McLaughlin & Calabrese
Barton, 2013). As such, elementary science teachers necessarily should give students an
opportunity to draw on and communicate their thinking about phenomenon that occurs in the
natural world. I feel elementary teachers’ attention to students’ thinking in science is especially
important, because young children, like Barrett, arrive at school with productive knowledge
resources of scientific phenomena tied to their interactions with the world around them (e.g. light
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doesn’t flow around objects like water does around pebbles), which form the basis from which
students construct scientific understanding (Robertson, Scherr, & Hammer, 2016).
Years ago, as a second-grade teacher, I struggled to do this work in my own science
teaching practice. Not only did I struggle with providing space for my students’ thinking to
become visible, but I also struggled with knowing which nuggets of everyday thinking and
knowledge to take up and pursue in the moment of teaching. Yet I still remember the first time I
saw the productiveness in my own students’ thinking and was able to respond to it in a
meaningful way. We were beginning an investigation on what plants need to grow and thrive.
Without being prompted, one of my students, Tripp, posed a scientific question. He asked: “I
wonder if root length affects how big a plant will grow?” Tripp’s question surprised me for two
reasons. First, we had not talked about how to pose questions in science. He was drawing on his
natural curiosities about the world around him to pose a question we could answer scientifically.
Second, I had never personally considered this question before, so I did not already know the
answer, which as a first-year elementary teacher made me uncomfortable. But I was able to use
Tripp’s question to guide my students’ learning by collaborating with them to plan and carry out
an investigation to determine if root length impacted plant growth.
This experience showed me that students are capable of asking thoughtful scientific
questions that can be used productively for meaningful science learning. But it also left me
wondering how Tripp was able to pose this scientific question without specific instruction from
me, as the teacher, on the topic. I did not know it at the time, but this experience was formative
in my growth as a scholar as I began to study how children learn science and how teachers
support that learning in my doctoral program. Looking back on this experience with Tripp (and
many others), and using my new lens as a researcher, the direction of my research began to
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form—I wanted to understand children’s everyday thinking and how they use their ideas to
construct understanding of scientific phenomenon. I also wanted to understand how elementary
teachers attended to their students’ everyday thinking and leveraged it in their science learning.
Statement of Problem
Researchers have investigated children’s everyday thinking in a range of science learning
contexts, including preK-12 classrooms and other out-of-school contexts (Russ, Scherr, Hammer,
& Mikeska, 2008; Rowe, & Kisiel, 2012; Jones, Scanlon, & Clough, 2013; McClain, &
Zimmerman, 2014; Avraamidou, 2015). While some researchers have focused their
investigations of children’s thinking on a specific learning context, such as a 5th grade classroom
or a science museum field trip, others have looked across science learning contexts (Small &
Plummer, 2014). For example, Small & Plummer (2014) measured the impact of planetarium
and classroom lessons on students’ understanding of lunar phenomena, including the surface
features of the moon, the daily apparent motion of the moon, and the phases of the moon. The
results of this study indicate that a combination of active engagement in both planetarium and
classroom spaces resulted in students developing a more sophisticated understanding of lunar
phenomena.
While this work investigates children’s ideas related to lunar phenomena in both learning
contexts, it does not demonstrate how children draw upon the understanding gained in one
context (i.e. planetarium) to inform their learning in a different context (science classroom). This
knowledge gap needs to be addressed since we know from prior research that children’s
everyday thinking both in and out of school provides the basis for meaningful science learning in
classrooms (NRC, 2012; McLaughlin & Calabrese Barton, 2013). In order to support teachers in
recognizing and leveraging their students’ everyday thinking that is brought into the science
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classroom, the field needs to understand in a nuanced way children’s everyday thinking around
specific scientific phenomenon. Some researchers have done this (e.g. Malleus, Kikas, & Kruus,
2016; Merritt, Bowers, & Rimm-Kaufman, 2019; Canlas, 2021), and this prior work informs my
dissertation research. I review this literature in the next chapter.
This dissertation research seeks to describe and explain children’s thinking present in
multiple related contexts surrounding a single Earth Space disciplinary core idea, in order to
provide insight on whether and how children’s everyday thinking forms the basis for learning in
science classrooms. This work is important, because this is the work we ask of teachers—we
require teachers to be responsive to students’ everyday thinking when they teach science (NRC
2007, 2012) and argue that teachers need to recognize and use children’s everyday thinking in
their science classrooms as the basis for the activity that drives learning (NRC, 2012;
McLaughlin & Calabrese Barton, 2013). If we want to support teachers to recognize and use
children’s everyday thinking, then, as researchers, we have to know enough about children’s
everyday thinking across contexts where children encounter scientific phenomena. And as prior
research indicates, it is likely children will use their everyday thinking in science classroom
contexts where such phenomena are the focus of lessons and learning activities. If the field can
describe and explain children’s everyday thinking around specific scientific phenomena,
researchers and teacher educators can then use this knowledge to inform the design of teacher
learning experiences focused on helping teachers in being responsive to students’ everyday
thinking when they teach science.
Purpose of Study
The purpose of this qualitative grounded theory study was to better understand how children
work on and with their everyday thinking and ideas to construct scientific explanations about
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phenomenon in the natural world. Specifically, I wanted to describe and explain children’s
thinking across multiple moments in time to understand the range of ways they restructure their
many intuitive, commonsense pieces of knowledge as they work towards improving their
scientific expertise.
The study included one 5th grade teacher, Ms. Bernina, and 11 focus students enrolled in her
5th grade class at a semi-rural public school in the mid-Atlantic region of the United States. The
study was conducted in three parts. First, I elicited children’s thinking about why we see stars
only at night prior to their science learning experiences in school. Second, I analyzed children’s
artifacts created during a unit taught about the topic to gain insight into how children’s everyday
thinking and ideas may be gradually restructured and incorporated into their new learning.
Lastly, I compared children’s thinking before and after the unit to determine whether their initial
explanatory statements shifted towards a more plausible, mechanistic explanation.
The data collected in Part I provides insight into the ideas and thinking students had prior to
their classroom experiences with the big idea question during this unit, while the data from Part
II provides insight into what ideas and thinking were present in the classroom context during the
unit and how students’ drew on these ideas to reach a deeper conceptual understanding of the
Earth Space phenomenon. Finally, the data from Part III provides an understanding of students’
final explanatory statements after instruction.
Importance of Study
The findings of this study on whether and how children’s everyday thinking surrounding
a single scientific phenomenon forms the basis for learning in a science classroom may impact
different stakeholders as follows:
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Teacher Education Programs, Teacher Educators, and Pre-service Teachers. The
findings of this study can be used to institute change in teacher education programs, including
the design of science method course experiences, in ways that better position pre-service teachers
in learning to recognize and use children’s everyday thinking in their science classrooms as the
basis for the activity that drives learning. For example, you could imagine pre-service teachers
conducting student thinking interviews with students around a single disciplinary core idea in
their placement to inform their decision making as they plan for instruction. Pre-service teachers
could be asked to wear a point-of-view camera as they teach science and press a button when
they notice students’ ideas and thinking in the moment. Then, they may come together as a class
to reflect on the noticed moments and practice with their peers on how they would respond to the
student thinking that was foregrounded. Ultimately, the goal would be to use the findings from
this research to better prepare future science teachers to do the work of noticing and being
responsive to their students’ everyday thinking when they teach science.
In-service Teacher Professional Development, In-service Teachers, and Science
Learners. This study can provide insight into the design of professional development
experiences for practicing science teachers to better support them in recognizing and using
children’s everyday thinking in their science classrooms as the basis for the activity that drives
learning. For example, findings from this research can inform the design of a PD activity that
provides practicing science teachers with the knowledge and skills to not only notice and respond
meaningfully to their students’ ideas and thinking in the moment as they teach, but also in
moments as they plan for and reflect on their science teaching practice. Consequently, by
impacting teacher learning, this research can support improved science learning in K-12 schools.
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By better understanding what everyday thinking that enters the classroom context looks
like, science education leaders and policy makers may be encouraged to champion policy change
that further supports teachers in recognizing and using children’s everyday thinking. For
example, a school or district leader may adopt a science curriculum that is better aligned to
reform-based science teaching practices—a curriculum that meaningfully engages students in the
practices of science allowing their ideas and thinking to become visible. A school principal
might begin to shift the culture of science in elementary schools from a fun Friday activity to a
meaningful and integrated part of students’ everyday curriculum.
Insight from this study might also encourage curriculum developers to incorporate more
opportunities for teachers to elicit students’ thinking in their published science curriculum. For
example, a curriculum developer designing a unit on patterns in the movement of the sun, moon,
and stars could include educative materials (Malleus, Kikas, & Marken, 2017; Dyer & Sherin,
2016; Hammer, Goldberg, & Fargason, 2012) that provide teachers with a framework for
recognizing and leveraging the productive pieces in students’ thinking around this scientific
phenomenon. Overtime, these changes may impact an overall shift in the way science curricula
are designed and implemented—both within and outside K-12 school contexts.
Theoretical Framework
In this dissertation work, I have adopted a constructivist perspective to learning
(Vygotsky, 1978; Piaget, 1985) reflecting the assumption that children learn by building with and
upon prior knowledge, experiences, and ideas. There are two different ways children’s prior
knowledge, experiences, and ideas have been described in the literature that are important to this
dissertation work. In the past, when students offered an idea that was inconsistent with scientific
knowledge their ideas were viewed as misconceptions (Smith et al. 1993). These “incorrect”
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ideas were viewed as problematic and impeded learning. More recently, an alternative to this
deficit approach to student knowledge and learning has emerged that involves a resources
perspective (diSessa 1993; Hammer et al. 2005; Warren et al., 2001; Rosebery et al., 2005).
Rather than describing student’s scientific knowledge in terms of its consistency with experts
(Duschl et al. 2007), a resources perspective accepts the diversity of students’ preconceptions
and values ideas and reasoning that are sensible. A theoretical and empirical framework called
Knowledge in Pieces (KiP) aligns to this latter view of children’s prior knowledge, experiences,
and ideas.
KiP is a theoretical and empirical framework that seeks to explain how knowledge
elements are used in the process of learning (diSessa, 2018). This framework is particularly
powerful for its ability to explain students’ diverse prior knowledge, everyday experiences, and
ideas and their roles in meaningful science learning. For example, KiP recognizes that each
learner has a different collection of knowledge elements and acknowledges that common pieces
of knowledge held across learners might be leveraged in different ways. This is not problematic
for KiP. In fact, KiP accepts this diversity as an immediate consequence of the rich, productive
knowledge that exists among learners as they are developed in, shaped by, and tied to their
everyday experiences in the world around them.
KiP recognizes “being wrong as an inescapable part of learning” and accepts the gradual
restructuring of intuitive or commonsense knowledge elements as essential in meaningful
science learning (Davis, Horn, & Sherin, 2013; Watkins, Hammer, Radoff, Jaber, & Phillips,
2018). In this way, “ideas and reasoning become ‘good’ in science class in similar ways that they
are ‘good’ in science” (Coffey, Hammer, Levin, & Grant, 2011).
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Like DiSessa (1993) and others (Hammer, Goldberg, & Fargason, 2012; Sabo, Goodhew, &
Robertson, 2016; Alonzo & von Aufschnaiter, 2018; Reinfried & Kunzle, 2020; Aqazade, &
Bofferding, 2021), I adopt a KiP framework towards understanding children’s thinking and
learning, and, therefore, in this dissertation work I sought to understand children’s everyday
thinking—both in bits and pieces (i.e. knowledge elements) and wholes (i.e. explanatory
statements)—by identifying the “little” pieces of knowledge in their thinking before, during, and
after their learning about why stars can only be seen at night to better understand how assemble
and reassemble their pieces of knowledge as they move towards a deeper conceptual
understanding about the topic.
Other researchers have also investigated children’s everyday thinking that is present in
school (e.g. Malleus, Kikas, & Kruus, 2016; Merritt, Bowers, & Rimm-Kaufman, 2019; Canlas,
2021) and out-of-school contexts (e.g. Scanlon, & Clough, 2013; Avraamidou, 2015;
Zimmerman et al., 2015). While investigating children’s explanations in a range of learning
contexts is important (McLaughlin & Calabrese Barton, 2013), these studies stop short of
explaining how students use their bits and pieces of knowledge to construct explanations of
scientific phenomena, nor do they offer insight into how these bits and pieces serve as the basis
for meaningful science learning. This gap needs to be addressed, because prior work indicates
that children’s everyday thinking should provide the basis for meaningful science learning in
classrooms (NRC, 2012; McLaughlin & Calabrese Barton, 2013).
Therefore, in this dissertation work, I begin to address this gap in our knowledge in three
ways. First, I seek to reveal the everyday thinking and ideas children bring with them to learning.
Next, I work to understand how children use their everyday thinking and ideas to develop a
deeper conceptual understanding about why stars can only be seen at night as they engage in
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learning experiences about this phenomenon. Lastly, I investigate how children’s final
explanatory statements about why stars can be only be seen at night demonstrate this learning.
This work has important implications for teachers as they learn to recognize the connections
children make to scientific content and design instruction that supports children in using their
everyday thinking and ideas for meaningful science learning, rather than through their
replacement (McLaughlin & Calabrese Barton, 2013).
Research Questions
The research questions for this study were:
RQ1: What pieces of knowledge do children draw on when reasoning about and making sense of
why stars can only be seen in the sky at night?
RQ2: How do children assemble these pieces of knowledge to form coherent explanations about
this question?
RQ3: What knowledge pieces are evident in children’s artifacts created during a unit taught
surrounding this scientific phenomenon?
RQ4: In What Ways Do Focus Students’ Explanatory Statements Change Overtime?
Overview of Research Design
A qualitative grounded theory approach was used to uncover insights on whether and
how children’s everyday thinking and ideas are both present and productive in multiple related
learning contexts surrounding a single Earth Space disciplinary core idea. Prior to the start of my
dissertation study, I designed and facilitated an hour-long star gazing event for the students in
Ms. Bernina’s 5th grade class. The purpose for this event was to pique students’ interest and
curiosity about why stars can only be seen in the sky at night and provide a context in which I
was able to identify the focus students for my dissertation study. All students participated in
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three activities of the star gazing event, including: (1) making observations of the celestial
objects in the day and night sky, (2) drawing the celestial objects they can see in the day and
night sky, and (3) drawing a model and written explanation for why they think stars can only be
seen in the night sky. From this, I identified 11 students representing the range of student ideas
surrounding this scientific phenomenon that became evident as the students engaged in each of
these activities. These eleven students became the participants in my dissertation study.
This dissertation study then was threefold. In Part I of the study, I conducted individual
semi-structured interviews with the 11 focus students. These interviews provided an opportunity
for me to elicit the focus students’ everyday ideas and thinking about why stars can only be seen
in the sky at night. In Part II of the study, I designed a science unit surrounding this Earth and
Space disciplinary core idea and provided professional development to Ms. Bernina prior to her
teaching the unit. Ms. Bernina then taught the unit over five days to her entire 5th grade class
(which included the 11 focus students of this study). All student artifacts created during the unit
were collected. The student artifacts are the focus of Part II of this dissertation study. More
details about the specific design of Part I and Part II of the study are provided in Chapter III.
Defining Knowledge in Pieces
Readers will encounter the term Knowledge in Pieces (KiP) throughout this dissertation as
the way I conceptualize children’s thinking and how they use it to construct scientific
explanations of the natural world is aligned with this theory of knowledge and learning. As
mentioned above, KiP recognizes that each learner has a different collection of knowledge
elements and acknowledges that common pieces of knowledge held across learners might be
leveraged in different ways. In addition, this perspective on knowledge and learning recognizes
that the substance of children’s thinking is made up of productive elements of intuitive
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knowledge that persists through the learning process and are important in developing conceptual
understanding in science, even when they do not resonate with canonical understanding.
Let me explain with an example. Imagine a child, we will call Caroline, has the knowledge
pieces below related to earth space science phenomenon.

The stars
travel around
earth with the
moon.

There is a lot
of light in the
day sky.

The moon
orbits around
earth.

Earth is closer
to the sun than
the moon
during the day.

Closer means
better seen

The stars are
hidden in the
day sky.

Figure 1.1. Caroline’s available knowledge pieces related to why stars can only be seen at night.
When asked, “Why can stars only be seen in the sky at night?” Caroline searches through
her existing knowledge pieces to construct a sensible, scientific explanation. In do so, she may
activate the highlighted knowledge pieces below:

The stars travel
around earth
with the moon.

There is a lot of
light in the day
sky.

The moon orbits
around earth.

Earth is closer to
the sun than the
moon during the
day.

Closer means
better seen

The stars are
hidden in the
day sky.

Figure 1.2. Caroline’s knowledge pieces she leveraged to assemble her explanatory statement.
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In this way, she may be able to assemble a scientific explanation about why start can only be
seen at night that look like this:
“The stars probably follow the moon around the world, because the moon orbits
around the Earth. When the Earth gets closer, when it gets night, we can see the
moon. There will be stars up there, because the stars are going to be with the
moon. When it’s daytime, you’re going to be able to see the sun and clouds,
because we will be closer to the sun than the moon.”
In this explanation, we see evidence of the knowledge piece the stars travel around Earth
with the moon when Caroline says, “The stars probably follow the moon around the world,
because the moon orbits around the Earth.” The piece of knowledge closer means better seen is
demonstrated when Caroline continues by saying, “When the Earth gets closer, when it gets
night, we can see the moon.” Lastly, we see evidence of the knowledge piece Earth is closer to
the sun than the moon during the day when Caroline notes that “When it’s daytime, you’re going
to be able to see the sun and clouds, because we will be closer to the sun than the moon.”
Through this example, Caroline was able to construct a sensible, scientific explanation by
drawing on her existing pieces of knowledge relevant to the question at hand. Although this
explanation is not necessarily correct, it contains important knowledge pieces that will help
Caroline in developing a deeper conceptual understanding about why stars can only be seen at
night. She will continue to work with these pieces of knowledge and others as she learns about
this phenomenon. The knowledge pieces that become less foregrounded throughout her learning
experiences can be reactivated in other learning contexts to help Caroline learn about other
scientific phenomenon in the natural world.
Assumptions and Limitations
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I approached this dissertation research with several assumptions pertinent to this work.
First, I assumed children’s everyday thinking is sensible and productive for science learning.
This thinking is composed of many different types of knowledge elements students work with to
construct coherent and consistent explanations of why things work and how things happen in the
natural world. In this way, students everyday thinking and ideas are the foundation for
meaningful science learning. I, therefore, assume (1) that children’s knowledge and thinking
consists of pieces, and (2) learning happens when children assemble these pieces in a way that
makes sense.
I also assumed that data on students’ everyday ideas and thinking about why stars can
only be seen at night could be elicited from semi-structured individual interviews. Additionally, I
assumed that all artifacts created by the focus students during their learning experiences
surrounding this big idea question could adequately capture students’ thinking within the
classroom learning context. Across both data sources (semi-structured interviews and classroom
activities), I assumed that the focus students answered the questions and engaged in related tasks
honestly and to the best of their ability.
A limitation of this study is that I chose to conduct this study in a single context—Ms.
Bernina’s 5th grade classroom. I chose Ms. Bernina’s classroom because she regularly engaged
students in reasoning about and making sense of their own scientific ideas. This choice was
purposeful to ensure I was able to collect a rich data set filled with diverse students’ thinking. As
such, Ms. Bernina and her students may not fully represent typical elementary science teachers
and students. I recognize that a larger and more diverse group of elementary science teachers and
students may provide additional insight into whether and how children’s everyday thinking
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surrounding a single Earth Space disciplinary core idea forms the basis for learning in science
classrooms.
Another limitation of this study is that the data was confined to knowledge evident within
the focus students’ data. The knowledge students draw on may vary from classroom to classroom
as learners bring with them a diverse range of experiences connected to their everyday
interactions with the world around them. For example, the results of this study may look
different if it was conducted with students in an urban area instead of the rural context
investigated in this work. As such, findings may not be applicable across all learners, as students’
everyday ideas and thinking are heavily influenced by their experiences and interactions in the
natural world (Hammer & van Zee, 2006).
Summary
The purpose of this qualitative grounded theory study was to describe and explain
children’s thinking present in multiple related contexts surrounding a single Earth Space
disciplinary core idea in order to provide insight on whether and how children’s everyday
thinking forms the basis for learning in science classrooms. As most previous work on children’s
thinking focuses more on what ideas and thinking are present within specific science learning
contexts, there is a knowledge gap as to how children’s everyday ideas across multiple contexts
provide the basis from which they construct a deeper conceptual understanding about scientific
phenomenon in the world around them. This knowledge gap needs to be addressed since we
know from prior research that children’s everyday thinking both in and out of school provides
the basis for meaningful science learning in classrooms (NRC, 2012). The results of this study
may serve multiple stakeholders, including practicing K-12 teachers, pre-service K-12 teachers,
teacher educators, and teacher education programs.
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Four more chapters follow. Chapter 2 begins with an argument grounded in the literature
for the importance of children’s everyday thinking and ideas in meaningful science learning. In
reviewing the literature, I situate my work among approaches and findings from previous studies
on understanding children’s everyday thinking and ideas in science. In this chapter I also discuss
different theories of learning and knowledge that serve as the basis of this dissertation work. In
Chapter 3, I set the groundwork for my analyses by describing a threefold study design in which
I examined eleven 5th grade students’ ideas and thinking about why stars can only be seen in the
sky at night. In Chapter 4, I present the results of my analysis of the interview transcripts and
student artifact data revealing that children have a range of knowledge pieces—some similar and
others unique—for reasoning about why stars can only be seen in the sky at night and they
assemble the pieces of knowledge to form coherent explanations in a range of ways. Finally, in
Chapter 5, I discuss these key findings indicating that these eleven children’s everyday thinking
and ideas do in fact contain productive pieces of knowledge for science learning, including both
knowledge of science content and scientific practices. I discuss the implications this work has for
the teaching and learning of science, and I identify how I think this work can be used to inform
teacher preparation programs and in-service teacher professional development. This chapter ends
with further questions I have after completing this work that offer promising lines of inquiry for
future areas of study on children’s everyday thinking and ideas.
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CHAPTER 2: LITERATURE REVIEW
Current reform efforts in science education acknowledge the importance of children’s
everyday thinking for meaningful science learning (NRC, 2012). As such, we ask teachers to be
responsive to the thinking that becomes present in their classroom by attending, responding, and
building from children’s existing ideas and experiences as a foundation for science learning
(McLaughlin & Calabrese Barton, 2013). Being responsive to children’s everyday thinking is
important, because children naturally use their everyday thinking and ideas to reason about and
make sense of scientific phenomenon in the world around them (NRC, 2005; Rosebery et al.,
2005).
This dissertation work builds upon the assumption that children’s everyday thinking is
sensible and productive for science learning. We know children leverage knowledge elements
gained from their everyday experiences in the world around them as they engage in science
activity during their school learning experiences (Hammer & van Zee, 2006; Rosebery et al.,
2005). Therefore, it is important to not only understand what children’s everyday thinking looks
like, but how it persists through the learning process and plays an essential role in children’s
meaningful science learning. As a field, we have limited knowledge of how children’s science
learning in schools is developed in, shaped by, and tied to their everyday experiences and ideas
(Hammer, Elby, Scherr, & Redish, 2005; Hammer, Goldberg, & Fargason, 2012; McLaughlin &
Calabrese Barton, 2013).
My dissertation work involves an investigation resulting in findings that can contribute to
this discussion. This investigation involved three parts. First, I elicited and analyzed children’s
thinking about why we see stars only at night prior to their science learning experiences in
school. Second, I analyzed children’s artifacts created during a unit taught about why we see
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stars only at night to gain insight into how children’s everyday thinking and ideas may be
gradually restructured and incorporated in their new learning. Lastly, I compared children’s
thinking before and after the unit to determine whether their initial explanatory statements
shifted towards a more plausible, mechanistic explanation. In the following paragraphs, I review
the relevant literature my work draws upon, including my epistemological perspective on how
children think and learn in science and existing work on children’s thinking, especially as it
relates to earth space science.
Children’s Everyday Thinking
A Constructivist Theory of Learning
In my dissertation work, I adopt a constructivist perspective to learning (Vygotsky, 1978;
Piaget, 1985) reflecting the assumption that children come to understand scientific phenomena
through their experiences and interactions with the natural world (Koliopoulous, et al., 2009).
Children learn how things work and why things happen as they experience these things in the
world. For example, children have experiences of making observations of the moon and stars in
the sky at night and the sun in the sky during the day. In this way, they build up ideas and
thinking related to the patterns in the movement of the sun, moon, and stars as seen from Earth
(Driver, Squires, Rushworth, & Wood-Robinson, 1994). I, therefore, assume that children
inherently use their everyday thinking—developed in, shaped by, and tied to their everyday
experiences—to reason about their interactions with scientific phenomena by forming initial
ideas about how things work and why things happen in the world around them (e.g. plant growth,
animal adaptation, static electricity, magnetism, optical phenomena, appearance of color, etc.).
To illustrate how a constructivist perspective on learning provides a foundation for this
dissertation work, I draw on an example from a small pilot study I conducted to inform this work
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in which we see evidence of children using their experiences and thinking to construct
explanations for how things work and why things happen. In this study, I investigated two third
grade students’ thinking about plant adaptation, specifically why apple trees do not grow in the
desert. One student, James, when asked, “Why don’t apple trees grow in the desert?” drew upon
his everyday experiences and interactions with cactus roots to assemble the explanation that
“[Cactuses] have roots that sprout out really far and really deep so that it can reach the water and
apple trees go a little bit and if they just go a little bit then they won’t get any water.” Without
any formal learning about why apple trees do not grow in the desert, James was able to develop
the notion that cactuses have adaptations that make them well suited for the desert environment
that an apple tree may not have to make it to grow in the desert.
In this example, we see evidence of James’ understanding about plant adaptation in his
everyday thinking. He articulates the notion that cactus roots do not grow in the same way that
apple trees roots do, because cactus roots need to travel deeper in order to reach in the water
beneath the desert’s surface, whereas an apple tree does not have this adaptation. We see
evidence of these knowledge pieces when he says: (1) Cactus roots sprout out far and deep to
reach the water in the desert environment; (2) Apple tree roots go a little bit, so they will not be
able to get to the water beneath the desert surface. These pieces are important resources for
James’ learning about plant adaptation and he may refine and reassemble them to construct a
more sophisticated understanding about this life science idea. This is how I think about
children’s everyday thinking—it contains pieces of usable knowledge that they draw on to
construct coherent explanations of phenomena in the world. In other words, children construct
understanding (i.e. they learn) from the pieces of knowledge that make up their everyday
thinking.
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Misconceptions: Problematic or Opportunistic?
As mentioned above, in my dissertation work, I adopt a constructivist perspective to learning
(Vygotsky, 1978; Piaget, 1985), and I assume children learn by building with and upon prior
knowledge, experiences, and ideas (McLaughlin & Calabrese Barton, 2013). In this way,
children use knowledge to construct understanding (i.e. knowledge is not understanding). To
highlight this point, consider a child’s ability to describe the water cycle as a four-step process
involving evaporation, condensation, precipitation, and transpiration. This knowledge does not
demonstrate the child’s understanding of the water cycle. This can be done by using their
knowledge of the water cycle to demonstrate how water moves through an environment.
In research where a constructivist perspective is foregrounded, there are two different ways
children’s prior knowledge, experiences, and ideas have been viewed. On the one hand, when
students offer an idea that is inconsistent with science their ideas might be viewed as
misconceptions (Smith et al. 1993). These “incorrect” ideas are viewed as problematic and
impediments to learning (Lee & Luyke, 2007). As such, they need to be “erased” or “taken out”
by the teacher and “replaced” with the “correct” ideas.
This perspective, while still based in constructivist tenants, does not allow students to engage
in reasoning or idea revision, which often leads them to memorize “school” knowledge (Duschl
et al. 2007) and fall back on their original ideas when making sense of scientific phenomenon in
their everyday life (Campbell, Schwarz, & Windschitl, 2016). For example, students may
memorize that the tilt of the Earth and its revolution around the Sun causes the seasons during
their formal science learning experiences, but without a true sense of why their ideas aren’t
accurate they may revert to ascribing the seasons to the changing distance between the Earth and
the Sun when asked to consider this phenomenon outside of school because children naturally
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draw on their prior knowledge, experiences, and ideas to reason about and makes sense of the
world around them.
An alternative to this deficit approach to student learning involves a resources perspective
(diSessa 1993; Hammer et al. 2005; Warren et al. 2001). Rather than describing students’
scientific knowledge in terms of its consistency with experts, a resources perspective emphasizes
how students can reason with different kinds of knowledge or “prior conceptions” to make sense
of the world around them, including messy, incomplete explanations, intuitive ideas, and
everyday experiences. In this view, students’ relevant knowledge pieces become activated in the
moment to help them construct coherent explanations or solve a problem.
To highlight this shift, I would like to illustrate how reasoning through a simple classroom
discussion can set the stage for meaningful science learning. This discussion occurred after the
teacher presented her observation of a puddle of water disappearing to her class and asked,
“What happens to the puddle?”
Anthony: Yeah, 'cause, um, it's just like a rubber band. When they get too far, when it's
stretched out too far, it'll break and then I think it's like that.
Kerri: So clouds will stretch out far like a rubber band?
Anthony: Yeah and then break.
Kerri: And then break. What happens when they break?
Anthony: That water will come out.
In this episode, I think it is important to point out how messy students’ initial explanations about
scientific phenomenon in the world around them can be. This can be seen as Anthony wrestles
with his idea that clouds are like a rubber band. He is drawing on his everyday experience with
rubber bands to help reason about and make sense of how clouds rain. However, you can see that
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this student is engaging in productive reasoning as he uses his resources to move toward a
coherent explanation of this phenomenon.
Next, I discuss two conceptualizations researchers hold about children’s knowledge and
how children use knowledge in their learning. I draw on these two theoretical paradigms in order
to compare and contrast the ways in which the field conceptualizes knowledge and learning, and
I explain which theory of knowledge and learning my own work adopts.
Knowledge in Theories: A Unitary Perspective on Knowledge & Learning
Researchers who look at children’s thinking from a knowledge in theories perspective often
ask questions around identifying the misconceptions in children’s thinking that impedes
development towards a more sophisticated understanding (e.g. Brewer & Samarapungavan,
1991; Samarapungavan & Wiers, 1997; Vosniadou & Brewer, 1992; Morrison & Lederman,
2003; Lee & Luyke, 2007; Vosniadou, 2013). For instance, Samarapungavan & Wiers (1997)
argue that children draw upon a small, internally consistent set of core beliefs when asked about
their initial ideas about speciation. These belief systems—explanatory frameworks—allow
children to construct explanations and make predictions about speciation problems in the world
around them; however, the knowledge theories present about speciation work to constrain the
range of explanations children are able to construct from their explanatory framework.
Therefore, the authors found that novices are capable of reasoning consistently about speciation
related phenomena, but this reasoning is constrained to children’s prior knowledge and thinking
about speciation.
Similar to Samarapungavan & Wiers’ (1997) efforts to examine children’s ideas about
speciation to determine if their explanations are constrained by their prior ideas and thinking
about the world around them, Vosniadou and Brewer’s (1992) investigate children’s conceptual
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knowledge about the earth’s shape. They found that children have naïve “mental models” of the
earth (e.g. the earth is flat or hollow). In their work, the authors assume mental models are
constrained by children’s conceptions and, therefore, knowledge involves the replacement of
children’s naïve theories with expert conceptions closely aligned to the scientific canon.
In another study, Morrison and Lederman (2003) were concerned with teachers’ diagnosing
their students’ “preconceptions” as “research has established that students enter their science
classrooms with ideas about the natural world that are not in alignment with accepted scientific
beliefs” (p. 849). The researchers wanted teachers to become aware of the “depth and tenacity of
the students’ preexisting knowledge.” Only one teacher of the four who participated in the study
worked to diagnose preconceptions; however, he viewed misconceptions as incorrect
conceptions students hold that are contrary to the instructional objectives. This can be seen when
he was asked if he used knowledge of students reoccurring, common preconceptions when he
taught about those concepts. He responded by saying, “he did try to describe the common
preconceptions and explain the correct concepts” (p. 859).
These accounts (Samarapungavan & Wiers, 1997; Vosniadou & Brewer, 1992; Morrison &
Lederman, 2003) do not offer evidence of productive resources in children’s thinking that may
be reconstructed and refined towards a more sophisticated understanding. Rather, these stable,
context-general elements of children’s thinking must be replaced with “correct” ideas in order
for more sophisticated understanding to result. This framework is problematic, because it does
not account for children building on their prior knowledge tied to their everyday experiences
with the world around them to assemble a more sophisticated understanding about scientific
phenomenon (Smith et al., 1993; 1994). This perspective also does not account for
inconsistencies in children’s thinking across various contexts in scientific domains (Hammer &
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Elby, 2002; 2003). A Knowledge in Pieces perspective, however, does. I discuss this theoretical
perspective next.
Knowledge in Pieces (KiP): A Resources Perspective on Knowledge & Learning
Knowledge in Pieces (KiP) is a theoretical and empirical framework that seeks to explain
how knowledge elements are used in the process of learning (diSessa, 2018). This framework is
particularly powerful for its ability to explain students’ diverse prior knowledge, everyday
experiences, and ideas and their roles in meaningful science learning. For example, KiP
recognizes that each learner has a different collection of knowledge elements and acknowledges
that common pieces of knowledge held across learners might be leveraged in different ways.
This is not problematic for KiP. In fact, KiP accepts this diversity as an immediate consequence
of the rich, productive knowledge that exists among learners as they are developed in, shaped by,
and tied to their everyday experiences in the world around them.
KiP recognizes “being wrong as an inescapable part of learning” and accepts the gradual
restructuring of intuitive or commonsense knowledge elements as essential in meaningful
science learning (Davis, Horn, & Sherin, 2013). In this way, “ideas and reasoning become ‘good’
in science class in similar ways that they are ‘good’ in science” (Coffey, Hammer, Levin, &
Grant, 2011).
In other words, researchers who adopt a resources perspective on knowledge and learning
argue that the substance of children’s thinking, even when it does not resonate with canonical
understanding, contains productive elements of intuitive knowledge that persists through the
learning process and are important in developing conceptual understanding in science
(McLaughlin & Calabrese Barton, 2013). DiSessa calls these elements of intuitive knowledge pprims (2018). “P-prims are elements of intuitive knowledge that constitute people’s ‘sense of
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mechanism’ their sense of which happenings are obvious, which are plausible, which are
implausible, and how one can explain or refute real or imagined possibilities” (p. 69).
According to this perspective, children draw on and assemble different pieces of relevant
knowledge in the moment to explain scientific phenomena. Therefore, in different moments (i.e.
different contexts), children may draw upon a different set of resources even to explain the same
phenomena. Furthermore, this view naturally accounts for the flexible and variable nature of
children’s explanations as they reason about the world around them in varied contexts (e.g.
classrooms, museums, playground, etc.).
A resources perspective then assumes that children have a diverse collection of knowledge
elements—their pieces of knowledge—tied to their everyday experiences with the natural world.
Children draw on pieces of their knowledge and assemble them in various ways to reason about
and make sense of scientific phenomena. Adopting this perspective in this dissertation work, I
therefore view the thinking children draw on when reasoning about a particular phenomenon (i.e
why do we see stars only at night) as not stemming from a stable and tightly connected theory of
knowledge, but rather an activation of many resources that are assembled in the moment to
explain phenomena in the world. Furthermore, I assume that learning involves assembling those
existing resources in nuanced ways to construct coherent and consistent explanations of why
things work and how things happen in the natural world. This theoretical perspective attends to
the flexible and variable nature of children’s explanations as they reason about scientific
phenomena in the world and therefore accounts for both the consistencies and the inconsistencies
in children’s thinking.
Like DiSessa (1993), I adopt a KiP framework towards understanding children’s thinking
and learning, and, therefore, in this dissertation work I sought to understand children’s everyday
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thinking—both in bits and pieces (i.e. knowledge elements) and wholes (i.e. explanatory
statements)—by identifying the “little” pieces of knowledge in their thinking before, during, and
after their learning about why stars can only be seen at night to better understand how children
assemble and reassemble their pieces of knowledge as they move towards a deeper conceptual
understanding about the topic.
Other researchers also adopt this perspective on children’s thinking and learning (Hammer,
Goldberg, & Fargason, 2012; Sabo, Goodhew, & Robertson, 2016; Alonzo & von Aufschnaiter,
2018; Reinfried & Kunzle, 2020; Aqazade, & Bofferding, 2021). For example, Hammer,
Goldberg, and Fargason (2012) provide an overview of children’s thinking to show evidence of
the productive beginnings (i.e. conceptual resources, knowledge pieces) in children’s thinking
for understanding the scientific concept of energy. In their work, the authors found evidence of
productive beginnings of science in children’s thinking—both in lines of reasoning that
resonated with and were dissonant to the canonical idea. Hammer and colleagues argue
children’s productive resources for understanding the concept of energy evident in their thinking
are important in order for them to develop more sophisticated understandings about this
phenomenon. Therefore, the authors do not claim that children already understand energy; rather,
they are claiming that children’s ideas and thinking are filled with varied, productive resources
for understanding this physical science concept. The authors recognize the important of these
possibilities in children’s thinking and acknowledge children may draw upon these resources in
various ways as they assemble understandings and explanations about scientific phenomenon of
energy.
Likewise, in their investigation of children’s thinking, Hammer, Russ, Mikeska, & Scherr
(2008) present a case of first graders discussing falling objects after their teacher posed the

28

question, “What will happen if we drop a book and a flat piece of paper at the same time?” As a
class, the students predicted the book will fall first. Together, they were able to assemble their
pieces of knowledge to construct four initial explanations to support their prediction—the book
will fall first: (1) The book has more force, (2) The book is stronger than the paper, (3) That’s
what happened when she did it at her Dad’s house, and (4) The paper will float (Hammer, et al.,
2008). In this work, the authors offer evidence from children’s thinking that children bring
varying pieces of knowledge productive for beginning inquiry in science with them to their
formal science learning experiences, including mechanistic reasoning, drawing connections to
their everyday experiences, and seeking coherence and consistency among their ideas and
observations.
More recently, a KiP perspective was applied to before and after semi-structured clinical
interviews and knowledge tests in a study conducted by Reinfried & Kunzle (2020) designed to
understand students intuitive knowledge elements related to a geoscience topic— water springs.
Across this body of work 3 things are shared: (1) children’s everyday thinking is made up of
pieces of knowledge (i.e. cognitive resources that are sensible and productive for science
learning), (2) children’s knowledge pieces are important to refine and reconstruct as they
assemble more sophisticated understanding, (3) children draw on knowledge pieces in various
ways, depending on the context as they assemble coherent understandings about scientific
phenomenon in the natural world. However, a limitation of the existing educational research that
seeks to understand knowledge and learning from a resource perspective is its overreliance on
before-and-after studies. As such, diSessa (2018) called for more accountability on data that
illuminates how thinking changes from moment to moment. My dissertation work makes a
contribution to this space as it focuses on understanding students thinking from both an element
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(i.e.knowledge pieces) and system-level (i.e. coherent explanations) perspective before, during,
and after learning.
Knowledge in Pieces and My Theoretical Assumptions In a school context, productive
beginnings within children’s thinking become the things teachers may recognize and take up as
they engage their students in developing coherent, mechanistic understandings of phenomenon
that occurs in the natural world (McLaughling & Calabrese Barton, 2013). If teachers are
responsive to students’ ideas in science, then they are privileging students’ ideas as important
and central for learning. When teachers recognize the disciplinary substance in their students’
thinking, they take up these sensible and productive ideas by engaging them in the practices of
science to allow them an opportunity to refine and reconstruct their thinking towards assembling
a more sophisticated understandings of scientific happenings in the world around them.
In my dissertation work, I choose to privilege children’s everyday thinking and ideas as it is
filled with existing resources for learning about scientific phenomenon in the natural world.
Researchers use a range of language to identify the resources children bring with them to
learning. One such way is funds of knowledge, which are defined as: “the culturally based
understandings and practices that develop over time in family and neighborhood contexts and
that can be leveraged for learning and participation within a new community of practice”
(McLaughlin & Calabrese Barton, 2013, p.4). While my work does not consider these broad
cultural resources in their entirety, I conceptualize children’s everyday thinking and ideas (i.e.
resources) as a single component of their funds of knowledge. In this way, funds of knowledge
do resonate in many ways with how I view students’ everyday thinking and ideas.
For example, funds of knowledge are recognized as foundational to meaning making in
science and can support deeper understandings of science. This can be seen in a study conducted
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to investigate efforts of practicing teachers to identify and make productive use of students’ prior
knowledge and skills. Findings from this study revealed that new teachers did carve out moments
to elicit their students’ interests and experiences; however, they rarely leveraged this knowledge
to inform their science teaching practice. Similarly, Calabrese Barton & Tan (2009) investigated
the connections between school science and everyday experiences during a sixth-grade food and
nutrition unit. They found that moments where students funds of knowledge were actively drawn
out and validated by the classroom teacher led to increases in student participation in class
discussions as students were positioned as having expert knowledge.
Similarly to funds of knowledge, I recognize children’s everyday thinking and ideas as
important to meaningful science learning. As such, I define children’s conceptual resources as
those pieces of knowledge that when assembled form productive beginnings of coherent
explanations of the natural world (diSessa, 1993; Hammer & van Zee, 2006; Hammer et al.,
2005). Similarly to Hammer & van Zee (2006), this conceptualization views thinking as a
process of children looking through their collection of relevant ideas and experiences, drawing
upon various pieces of knowledge tied to those ideas and experiences, and trying them out to
assemble an explanation that is both consistent and coherent based on their everyday thinking. I,
therefore, assume (1) that children’s knowledge and thinking consists of pieces, and (2) learning
happens when children assemble these pieces in a way that makes sense. These two theories—
one of knowledge and one of learning—provide the basis for this dissertation work. These
theoretical assumptions support an approach to science teaching that presumes children have a
rich, varied collection of conceptual resources for learning about the natural world that are
sensible and productive for understanding the world around them. Therefore, I discuss existing
research that looks at children’s everyday thinking in a range of contexts next.
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Children’s Everyday Thinking in Different Learning Contexts
Researchers have investigated children’s everyday thinking that is present in school (e.g.
Christidou, & Hatzinikita, 2006; May, Hammer, & Roy, 2006; Russ, Scherr, Hammer, &
Mikeska, 2008; Plummer, J. D., & Maynard, L. 2014; Malleus, Kikas, & Kruus, 2016; Merritt,
Bowers, & Rimm-Kaufman, 2019; Canlas, 2021) and out-of-school contexts (e.g. Bell,
Lewenstein, Shouse, & Feder, 2009; Fenichel, & Schweingruber, 2010; Harlow, 2012; Kisiel,
Rowe, Vartabedian, & Kopczak, 2012; Rowe, & Kisiel, 2012; Jones, Scanlon, & Clough, 2013;
McClain, & Zimmerman, 2014; Avraamidou, 2015; Geerdts, Van de Walle, & LoBue, 2015;
Zimmerman et al., 2015). Other researchers have looked at children’s thinking in both kinds of
contexts (e.g. Plummer, 2009; Schmoll, 2013; Plummer, 2014; Plummer, Kocareli, & Slagle,
2014; Frappart, & Frède, 2016). Throughout this literature, a key premise is that children’s ideas
and thinking are present in both kinds of contexts. However, while it is likely that children
inherently bring their ideas back and forth between these learning spaces, there is little research
that has investigated this.
For instance, Merrit, Bowers, and Rimm-Kaufman (2019) explored fourth grade students’
ideas about electricity and energy resources from survey data completed at the end of the unit.
The purpose of this study was to provide a description of students’ preconceptions in order to lay
the ground work for understanding how energy concepts develop in children. Similarly, Canlas
(2021) explored seventh grade students’ preconceptions about friction prior to a lesson on the
topic. The authors argue that understanding students’ preconceptions is an important first step for
meaningful learning. As such, students’ preconceptions were analyzed using a qualitative
descriptive research design which allowed the researchers to categorize and compare students’
preconceptions from this study to those existing in the literature.
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In another study, Plummer (2014) measured the impact of planetarium and classroom lessons
on students’ understanding of lunar phenomena, including the surface features of the moon, the
daily apparent motion of the moon, and the phases of the moon. Students were asked to develop
models of these lunar phenomena through drawings. For instance, students were asked to draw:
1) a picture of the surface features of the moon, 2) where they thought the moon would be
positioned in the day and night sky, and 3) all of the shapes of the moon they can see in the sky.
The results of this study indicate that a combination of active engagement in both formal and
informal spaces resulted in students developing a more sophisticated understanding of lunar
phenomena. While this work investigates children’s ideas related to lunar phenomena in both
informal and formal learning contexts, it does not demonstrate how children draw upon the
understanding gained in one context (i.e. planetarium) to inform their learning in a different
context (i.e. science classroom).
While investigating children’s explanations in a range of learning contexts is important, these
studies only work to identify the pieces of knowledge children bring with them or gain from their
learning experiences. They do not investigate how children work with the everyday thinking
identified to build knowledge of why things happen and how things work in the natural world.
This gap needs to be addressed, because children (and all people) constantly draw on their
everyday thinking to make sense of their world. This why reform in science education
acknowledges the importance of teachers attending to their students’ everyday thinking as it
provides the basis for meaningful science learning (NRC, 2012). As such, we need to understand
how children use their everyday thinking and ideas as the basis for a deeper conceptual
understanding about scientific phenomenon in the natural world.
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Therefore, in my dissertation work, I seek to do this. I explain and describe children’s
everyday thinking before, during, and after instruction on the topic in order to shed light on
whether and how children’s everyday thinking forms the basis for learning in science
classrooms. This work is important because this is the work we ask of teachers—we require
teachers to be responsive to students’ everyday thinking when they teach science (NRC 2007,
2012) and argue that teachers need to recognize and use children’s everyday thinking as the basis
for the activity that drives learning (NRC, 2012; McLaughlin & Calabrese Barton, 2013). If we
want to support teachers to recognize and use children’s everyday thinking, then we have to
know enough about the ways in which children use their everyday thinking between the two
contexts.
Therefore, in this dissertation, I explain and describe children’s everyday thinking present in
an out of school and an in-school context to demonstrate how learning in a one context is
composed of children’s ideas and experiences gained through their informal interactions with the
world around them. Further, to narrow the scope of this work, I examine children’s everyday
thinking around a single disciplinary core idea—patterns in the movement of the sun, earth,
moon, and stars—in these contexts. Other researchers have examined children’s ideas around
this specific Earth-Space core idea. I discuss this prior research next.
Prior Research on Children’s Thinking about Why We See Stars in the Sky at Night
Other work exists that investigates a similar earth and space science question I investigate in
my dissertation work (Vosniadou & Brewer, 1994; Plummer, 2009). For example, Vosniadou &
Brewer (1994) investigated children’s explanations about the disappearance of the stars during
the day using a questionnaire with the following questions: 1) Where are the stars at night?, 2)
Where are they during the day?, and 3) Do the stars move? The authors found 9 explanation
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types across the elementary aged children interviewed—the stars are occluded by clouds; the
stars move out into space; the stars go down on/in the ground (behind hills); the stars move
down, under the earth; the stars move somewhere else; the stars disappear; the stars stay where
they are; and undetermined.
Plummer (2009) studied the range of ways young children describe patterns in celestial
motion (i.e. the apparent motion of the sun, moon, and stars). She conducted interviews with
students before and after an instructional intervention designed to help students build more
accurate explanations of the apparent motion of the sun, moon, and stars. She found students
ability to describe the apparent motion of celestial objects to be significantly different pre to post
as students were able to accurately or at least partially accurately describe these patterns.
While this prior work explores similar earth and space science questions I investigated, my
dissertation work differs from the work of Vosniadou & Brewer (1994) and Plummer (2009)
both theoretically as well as methodologically.
Theoretically, Vosniadou & Brewer (1994) and Plummber (2009), too, acknowledge that
children have knowledge about the natural world based on their everyday experiences interacting
with the world around them. However, Vosniadou & Brewer (1994) view children’s explanations
as stemming from presuppositions that constrain children’s pursuit of coherent scientific
understandings. Hence, the authors view children’s presuppositions and subsequent beliefs and
mental models as robust, intact elements that must be gradually lifted as new knowledge is
acquired.
The key theoretical difference between this prior work and my own is we have different
assumptions about how children acquire and assemble scientific knowledge. On the one hand,
children explanations draw on stable, intact mental models that may constrain children’s
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reasoning and thinking about the natural world. On the other hand, children’s explanations are
seen as flexible, dynamic, and formed in the moment. I view children’s explanations as multifaceted assembled from rich and varied collections of knowledge pieces that are useful
depending on the context. This is similar to the way Plummer (2009) views science learning.
Plummer acknowledges in her work that children have existing ideas about the nature of
celestial objects and their motion and that changes in understanding requires children to
reorganize their existing knowledge structures and make new connections between previously
existing ideas.
In addition to our theoretical differences, my dissertation work differs from this previous
work on understanding children’s everyday thinking related to earth space science phenomenon
methodologically. In their work (Vosniadou & Brewer, 1994; Plummer 2009), the authors were
able to identify a range of ways children explain various earth space science phenomonon;
however, the questions asked on their methodology (i.e. questionnaire, interview) were closedended. For example, Plummer (2009) asked during her pre- and post-interview questions like “Is
the moon ever visible during the daytime? Do the stars appear to move at night? Do we see
different stars during the night? Where are the stars during the daytime?” These questions are not
open-ended thinking questions. In fact, they lead children to narrow the scope of their ideas and
thinking to those provided by the interviewer in the question. Therefore, the authors did not
provide a space for children’s everyday thinking about the earth space science phenomenon
under investigation to become visible.
This type of close-ended questioning can also be seen in the work of Vosniadou & Brewer
(1994). For example, when the authors asked—Do the stars move?—the children could only
respond in two ways—yes or no—making it a closed-ended question. Also, the fact that they
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asked, “Do the stars move?” leads one towards a response that considers movement of stars,
rather than planetary movement. This question does not elicit children’s thinking about how stars
move or why stars move depending on their explanation for why we are unable to see the stars in
the sky during the day. In addition, when the authors ask—Where are the stars at night?—all
children responded by saying, “in the sky”. However, this question does not draw upon
children’s everyday thinking to understand why they think we are able to see the stars in the sky
at night.
In contrast, therefore, in my dissertation work, I used a clinical interview type protocol (e.g.
Russ, Lee, & Sherin, 2012; Roth, 2008), which emphasizes listening to children’s’ responses to
open-ended, non-leading questions and, in turn, being flexible in the follow-up questions in ways
that further reveals children’s thinking. Through open-ended questions, I was better positioned to
explain and describe the nuance and individual resources evident in children’s thinking, as well
as identify the productive beginnings evident in the thinking that may be leveraged as the
foundation for science learning during children’s formal science learning experiences.
Conclusion
The reviewed literature points to the importance of viewing children’s prior knowledge,
experiences, and ideas from a resources perspective in order to shift from the view of knowledge
as misconceptions that need “taken out” and “replaced” to preconceptions that children use
productively to make sense of the world around them and build meaningful connections. This
distinction is important to make since we ask teachers to leverage the knowledge, experiences,
and ideas students come to the classroom with as resources for meaningful science learning.
Much of the existing work on children’s thinking simply describes children’s knowledge
elements before and after instruction. As such, we currently lack an understanding of how
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children work on and with their existing ideas and thinking to help generate meaningful
connections that result in a deeper conceptual understanding about scientific phenomenon in the
world around them. This is the motivation of this dissertation study—to understand the ways in
which children gradually restructure their many intuitive, commonsense knowledge elements as
they continuously improve their scientific expertise.
Therefore, in this dissertation I describe the pieces of knowledge children bring with them to
their earth space science learning experiences and explain how children work on and with these
existing ideas and thinking to build deeper conceptual understanding about a single earth space
science phenomenon. In doing so, I answer the following research questions: (RQ1) What pieces
of knowledge do children draw on when reasoning about and making sense of why stars can only
be seen in the sky at night?; (RQ2) How do children assemble these pieces to form coherent
explanations about this question?; (RQ3) What knowledge pieces are evident in children’s
artifacts created during meaningful science learning experiences about this phenomena?
I hope this work will help us become more comfortable with the tension between
scientifically “correct” knowledge and “incorrect” but productive ideas and reasoning. In this
way, ideas that make sense and are supported by available evidence can become valued in
science class, regardless of “correctness”.
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY
In this section, I describe a study examining 11 5th grade students’ ideas and thinking about
why stars can only be seen in the sky at night to answer four research questions: (RQ1) What
pieces of knowledge do children draw on when reasoning about and making sense of why stars
can only be seen in the sky at night?; (RQ2) How do children assemble these pieces to form
coherent explanations about this question?; (RQ3) What knowledge pieces are evident in
children’s artifacts created during science learning experiences about this phenomena? and
(RQ4) In what ways do focus students’ explanatory statements change over time?
This study is threefold. First, I investigated 11 5th grade students’ ideas and thinking about
why stars can only be seen in the sky at night to answer RQ1 and RQ2. Second, I applied the
coding scheme developed in Part 1 to analyze student artifacts created during a unit on the same
topic to see what, if any, new patterns emerged in the pieces of knowledge students drew on or
how they assembled them to make sense of the “big idea” question as they were engaged in
science learning experiences (RQ3). Lastly, I looked at the focus students’ initial and final
explanatory statements evident in their pre and post student thinking interviews (STIs) to
determine whether or not their initial explanatory statements shifted towards a more plausible,
mechanistic explanation from STI #1 to #2. In the section below, I provide a brief description of
the study context, including the school where this dissertation study was conducted, as well as a
brief description of the focus teacher, Ms. Bernina, and her 11 focus students.
Study Context
The School: Bobbin Elementary School
The 11 focus students who participated in this dissertation study were enrolled at a semirural public school in northern West Virginia—Bobbin Elementary School (pseudonym). The
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statewide assessment results during the year this dissertation research was conducted (2017-18)
indicated 37% of students are proficient in math, 45% are proficient in reading, and 37% are
proficient in science (West Virginia Department of Education, 2017). The West Virginia State
Department of Education notes that Bobbin Elementary School performs 4% higher than the
statewide average in math (41%), 6% lower than the statewide average in reading (39%), and at
the statewide average for science proficiency (37%) (2017). During the 2017-18 school year,
Bobbin Elementary served 492 students in grades PK, K-5. Students were predominately white
(n=457). 52% of the school’s student population were males (n=254) and 48% were females
(238). 54% of Bobbin Elementary School students were considered to have a low socioeconomic status. The student-teacher ratio at Bobbin Elementary is 15 to 1 (West Virginia
Department of Education, 2017).
The Focus Teacher: Ms. Bernina
Ms. Bernina (pseudonym) was one 5th grade teacher of a team of three at Bobbin
Elementary. Her class at the time this study was conducted had 18 students—11 boys and 7 girls.
Ms. Bernina had 7 years of teaching experience. The school year I conducted this dissertation
study was her second-year teaching 5th grade. She taught kindergarten previously.
Prior to Ms. Bernina implementing the unit of instruction for this dissertation study, I
administered a pre-teacher survey. This survey included four questions:
1) How would you describe your science teaching practice?
2) What kinds of specific things do you do when you teach science?
3) What do you like about teaching science? Why?
4) What do you dislike about teaching science? Why?
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The purpose of this pre-teacher survey was to better understand Ms. Bernina’s thinking about her
science teaching practice. This survey was administered asynchronously through a hardcopy
version. Ms. Bernina was instructed to respond to each question in a way that makes most sense
to her and return the survey once she had completed it. The description of Ms. Bernina’s
elementary science teaching practice in the following paragraphs is a representative summary of
the qualitative data she provided in her completed survey.
In her science teaching practice, Ms. Bernina likes looking for elements of science in
everything she does with her students. She describes her science teaching practice as hands-on
and experimental. She likes giving her students a chance to develop an understanding and share
their thinking. Her favorite part about teaching science is when she can give her students the
chance to see that science is in everything from the ice cream they eat to the pack of flavoring
they add to their water. In the words of Ms. Bernina, “Everything in their world is science.”
Ms. Bernina’s least favorite part about teaching science is the constraint of time—she
says there is never enough time in teaching science. She also does not like having to get students
out of the mindset that science is scientific terms and facts to be memorized.
Similarly, the 11 focus students of this dissertation study were asked to complete a prestudent survey in order to learn more about what they think it means to learn science. This paper
survey consisted of three questions:
1) What do you like most about learning science?
2) What do you like least about learning science?
3) Describe something you do at home that is like science.
I administered the survey prior to the focus students engaging in their learning experiences about
why stars can only be seen in the sky at night. Each student received a hardcopy of the survey
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and was asked to respond to each question. I collected the surveys once all 11 students were
finished with their responses. Below is a brief description of each focus student crafted from the
qualitative data gathered from this pre-survey. All names are pseudonyms.
The Focus Students
1. Blaine. Blaine is an 11-year-old boy who describes science as experiments. He likes
when he gets to learn things in science through experiments but does not like doing
paperwork in science learning. At home, Blaine likes to create reactions. He sometimes
puts baking soda and vinegar together and observes what happens.
2. Drake. Drake is an 11-year-old boy who describes science as something you can learn
about. He says, “There are many different things about science that you can learn.” He
likes that you can learn a lot in science, but he does not like doing things while learning
science that make him dirty or that make big messes. Drake describes making slime and
helping to cook sometimes as ways he engages in doing science on his own at home.
3. Jacob. Jacob is an 11-year-old boy who describes science as doing experiments to learn
about the world. He likes that he can expand his knowledge about science by doing cool
experiments, but the thing that he likes the least about science is that he does not always
get the answer right away. In these moments, he has to dig deeper into the question to
find the answer. At home, Jacob likes to do science by making slime. He describes the
process as follows; “You are mixing a chemical with water as an activator. Then, you add
that to glue, which creates slime.”
4. Trevor. Trevor is an 11-year-old boy who describes science as doing experiments. He
likes all of the experiments he engages in when learning about science, but he does not
like when the experiments do not go as planned or do not work properly. Trevor
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describes making bottles for his little brother as doing science at home, because he has to
figure out how much water to mix with the formula.
5. Lane. Lane is a 10-year-old boy who describes science as building and making new
things. He likes when he gets to conduct an experiment, but he does not like how hard it
is sometimes to figure out how to do the experiment or what you need to make the
experiment work. Lane describes helping his mom cook as an example of doing science,
but he also describes making things and building stuff as other ways he engages in doing
science at home on his own.
6. Scarlett. Scarlett is a 10-year-old girl who describes science as doing. She likes when her
teacher brings in new things for her to learn about and explore, but she does not like
when experiments in science take a really long time to do. At home, Scarlett likes to
cook. She describes this as doing science when she says, “Cooking is like science
because you need different amounts of ingredients and hope it comes out okay.”
7. Simon. Simon is a 10-year-old boy who describes science as experiments. He likes that
you can experiment with things in science to learn more about the world around him, but
he does not like when things do not work out in science or are not right. Something
Simon does at home that is like science is cooking. He says, “Because you have to
measure stuff and sometimes you use baking soda and it could explode! Maybe.”
8. Joanna. Joanna is an 11-year-old girl who describes science as hands-on. She likes the
hands-on and exploring parts of science, but her least favorite part about science learning
is reading about experiments, instead of doing them. Joanna likes to do her own science
experiments at home, but she also likes to cook, which she acknowledges takes both
science and math.
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9. Jeremiah. Jeremiah is an 11-year-old boy who describes science as experiments. The
thing he likes most about learning science is the experiments, but his least favorite part of
science is writing. One thing science like Jeremiah does at his house is count craters on
the moon.
10. Robin. Robin is an 11-year-old girl who describes science as learning through interacting
with the world around her. She likes learning from things, like the STARLAB, but she
does not like when there is a lot of listening in science or when she misses other fun
things by having to do science in school. Robin describes how she does science at home
by saying; “I make slime… I also make bath bombs that make bath water rainbow.”
11. Lauren. Lauren is a 10-year-old girl who describes science as experiments. She likes
science because of her teacher and being able to learn about cool phenomenon in the
world around her. Lauren does not like all of the facts in science, because she says those
can be boring. She also does not like that science can sometimes be a lot of work. At
home, Lauren engages in doing science by playing basketball, making slime, and
cooking. She also likes to play school and pretend she is the science teacher.
It was within this context with these students and their teacher that I conducted my
dissertation research. I acknowledge that my role as a researcher influenced this context as well.
For instance, one might argue that conducting the student thinking interviews prior to students’
learning about why stars can only be seen in the sky at night primed them to bring certain
knowledge piece types into the classroom learning space that might not have existed if these
interviews were not conducted. While I agree, this was not concerning to me as the intention of
this work was simply to know what knowledge piece types existed and how children worked
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with these pieces as they learned about this phenomenon. Next, I describe each part of the study
design next.
Study Design
Part 1: Exploring Children’s Everyday Thinking about Why Stars Can Only be Seen in the
Sky at Night through Student Thinking Interviews (STIs)
The purpose of Part 1 of my dissertation study was to investigate students’ ideas and
thinking prior to instruction about the “big idea” question—why can stars only be seen at night?
Two research questions were addressed: (RQ1)—What pieces of knowledge do children draw on
when reasoning about why stars can only be seen in the sky at night? (RQ2)—How do children
assemble these pieces to form coherent explanations about this question? The data used to
answer these research questions were transcriptions gathered from interviews conducted with 11
focus students.
Identifying Focus Students. First, in order to identify the focus students for my
dissertation study, I designed and facilitated an hour-long star gazing event at Bobbin
Elementary school. While Ms. Bernina and her class of students were previously identified as the
focus of this dissertation study, all three 5th grade classes were invited to participate in the event
to provide all students with a similar learning experience across all three 5th grade classes.
The goal of this informal star gazing event was to create an opportunity for students to
make observations of the celestial objects in the day and night sky and share their ideas and
thinking about them. As such, no formal learning about celestial objects occurred. Instead, the
idea was to pique students’ interest and curiosity about celestial objects that can be seen in the
sky. This choice was intentional as the star gazing event was designed as a methodological tool
to aid in the selection of the focus students of this dissertation study. I wanted to be able to
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identify those students who demonstrated a natural curiosity about the topic as the focus of this
work.
In order to accomplish this goal, all students participated in three activities, including: (1)
making observations of the celestial objects in the day and night sky, (2) drawing the celestial
objects they can see in the day and night sky, and (3) drawing a model and written explanation
for why they think stars can only be seen in the night sky. Ms. Bernina’s star gazing event was
video recorded to allow the data to be referenced while identifying the focus students of this
dissertation study at a later time.
A central component to the success of the star gazing event was being able to model the
night sky. I was able to accomplish this through the use of a pop-up planetarium. This piece of
equipment was provided by the NASA IV & V Education Resource Center (ERC) located in
Fairmont, West Virginia. Prior to the star gazing event, I attended a four-hour STARLAB
educator workshop at the ERC where I learned how to setup, operate, and take down the dome.
Upon completion of this training, I became a certified STARLAB educator, which enabled me to
borrow the STARLAB kit from the ERC.
The kit includes an inflatable dome, fan with extension cord, projector, teacher manual
and operational guide, and 17 cylinders which can be checked out six at a time. For the purposes
of my dissertation study, I checked out the starfield cylinder, which allowed me to model the
night sky as it would be viewed from our position on Earth. In other words, students saw the sky
in the same way they would at home out their bedroom window inside the pop-up planetarium.
Figure 3.1 illustrates the STARLAB in the gymnasium of Bobbin Elementary School during the
star gazing event.
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Figure 3.1. STARLAB in operation for star gazing event at Bobbin Elementary
These generative activities provided a context in which I was able to identify the focus
students for my dissertation study. To do this, I drew on the video data I collected of the
happenings during the star gazing event. This video data was not transcribed. I simply listened
and watched the recordings for evidence of students’ ideas and thinking about why stars can only
be seen at night that might not have been captured by student artifacts collected during the event.
I also looked at students’ artifacts created during this event, which included drawings of the
celestial objects in the day and night sky and their initial written explanation and model drawing
for why they think stars can only be seen in the night sky.
After the star gazing event, I reviewed each data source and grouped students with similar
ideas about the phenomena under investigation. For example, many students’ ideas grouped
around the explanation that stars cannot be seen in the day sky because the sun is brighter than
the stars, while other students’ ideas grouped around the brightness or darkness of the sky as the
mechanism for why stars can or cannot be seen. By grouping students in this way, I was able to
see the diversity of ideas across students, but also within groups. For example, all students in the
“Sun is bright” group had similar ways of thinking about why stars cannot be seen in the day
sky, but I saw diversity in the language they chose to explain their thinking, like “the sun blocks
the stars” or “the sun outshines the stars”. Both the students’ range of ideas and thinking and the
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diversity of the language they used to articulate their thinking was interesting to me, so I wanted
to make sure I captured it in the focus students I chose for my dissertation study. This process
revealed seven focus students.
I then met with the focus teacher—Ms. Bernina—to draw on her knowledge of her students
and what she observed during the sky gazing event to determine which students stood out to her
as interesting cases to consider for my dissertation study. At this meeting, I presented to Ms.
Bernina the seven focus students that stood out to me based on my interactions with them during
the star gazing event, as well as my review of the video recorded data. While Ms. Bernina agreed
with the seven students I had previously identified from the star gazing event, she identified four
additional students to be included in the study. These four additional students were added based
on Ms. Bernina’s previous experience engaging with them in science learning. She noted that
they were particularly curious about phenomenon in the natural world. One student, in particular,
she mentioned having behavioral issues in other classes, but thrived in her science class.
Together, we ultimately settled on 11 focus students—seven boys and four girls.
Once these 11 focus students had been identified, I conducted a Student Thinking Interview
(STI) individually with each student during regular school hours across three days. I conducted
four the first day, three the second day, and four the third day. These interviews provided an
opportunity for me to elicit the focus students’ everyday ideas and thinking about why stars can
only be seen in the sky at night. Each interview lasted between 15 and 20 minutes resulting in 94
pages of interview transcription. In the next section, I provide a detailed description of the
purpose of Student Thinking Interviews, the process I used to develop this STI task and protocol,
and the data collected for this dissertation study.
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Designing the Student Thinking Interview (STI). For this dissertation study, I employed a
STI protocol in order to gather data that would provide insight into the 11 focus students’ ideas
and thinking about why stars can only be seen in the sky at night. STIs are typically carried out
by teachers within classroom settings to uncover students’ thinking about a “big idea” question
tied to scientific phenomena in the natural world.
STIs are similar to the pedagogical strategy of science talks (Rosebery & Hardicourt-Barnes,
2006), which provides practicing teachers a framework for setting up science talk in their
classrooms. The intention of this talk is to elicit students’ stories and support them in wondering
about the natural world. Science talks are similar to STIs in the sense that they typically begin
with an open-ended question that is related to the learning goals of the lesson. This question is
structured in such a way that allows students to share their ideas and thinking as they tell stories.
A key difference of this pedagogical strategy in comparison to STIs is that science talks are
facilitated whole group by the teacher and the STIs are facilitated with students individually.
The specific STI format I used for my dissertation work stems from an assignment in an
elementary science methods course, specifically C&I 640 and EDUC 440. Dr. Melissa Luna—as
the professor of this course—created this STI assignment in order to support teachers in learning
how to elicit, notice, and make sense of students’ everyday thinking. The format requires
teachers to craft a “big idea” question tied to a disciplinary core idea from NGSS to uncover their
students’ thinking about a specific scientific phenomenon. Once the “big idea” question is posed,
students are engaged in a task to begin uncovering their thinking about the concept under
investigation. Then, throughout the interview open-ended, thinking questions are asked to further
elicit and better understand students’ ideas and thinking.
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Generally, an STI provides an opportunity for students to teach the teacher about their ideas
and thinking. Therefore, the STI typically begins by reassuring the child that there are no right or
wrong answers about the “big idea” question. The interviewer’s goal is not to teach, fix incorrect
ideas, or lead children to the right answer, but rather to understand the insight children reveal
about their thinking. During an STI, the child being interviewed will be engaged in a task to
begin uncovering his/her thinking about the “big idea”. A task may involve drawing a picture,
handling objects, playing a game, etc. For example, a child may be asked to draw a model to
explain their thinking, like the interaction between the sun, moon, and stars as seen from earth
when stars are visible in the night sky compared to when an observer on Earth is unable to see
them in the day sky. The idea is for the task to reveal something about the way the child thinks
about the scientific phenomenon that simply asking the child questions may not reveal.
As a student in Dr. Luna’s course, I created the “big idea” question that was used for the
STI’s I conducted for my dissertation work—Why can stars only be seen in the night sky? This
“big idea” question was derived from a single 5th grade Next Generation Science Standard
(NGSS) 5-ESS1-1, which states, “Students who demonstrate understanding can support an
argument that differences in the apparent brightness of the sun compared to other stars is due to
their relative distances from the Earth.” (NGSS Lead States, 2013).
In developing the “big idea” question for this study, I took into consideration each of the
three dimensions of the 5-ESS1-1 performance expectation: (1) Scientific and Engineering
Practice (SEP), (2) Disciplinary Core Idea (DCI), and (3) Crosscutting Concept (CC). First, the
SEP evident within this performance expectation is analyzing and interpreting data; therefore,
students are expected to use their own observations of the sun, moon, and stars to describe
patterns and answer their own scientific questions about the natural world (NGSS, 2013).
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Next, the DCI of this performance expectation focuses on one of the four domains of science
(e.g. physical science, life science, earth and space science, and engineering, technology and
applications of science). Therefore, the DCI of this performance expectation—The Universe and
its Stars—is embedded within the earth and space science domain, which states that, “The sun is
a star that appears larger and brighter than other stars because it is closer. Stars range greatly in
their distance from Earth” (NGSS, 2013).
Lastly, the CC of this performance expectation includes patterns—“similarities and
differences in patterns can be used to sort, classify, communicate and analyze simple rates of
change for natural phenomena” (NGSS, 2013). For example, a pattern we observe in our sky is
that stars other than our sun are visible at night but not during the day. Another pattern we
observe in the sky is that the sun and moon rise, move across the sky, and set. Therefore,
students may observe the pattern of “stars other than our sun are visible at night but not during
the day” and use this pattern to reason about how this phenomenon occurs or why this happens in
our natural world.
Although the performance expectation focuses on students’ ability to use observations of the
sun, moon, and stars to describe predictable patterns, I wanted to move beyond simple
observations of the patterns in the sky to undercover students’ thinking about how and why we
are able to observe a specific pattern—stars other than our sun being visible at night but not
during the day—in our natural world. Therefore, I was able to craft the big idea question—Why
can stars only be seen in the night sky?—and the task of drawing pictures related to this
phenomenon (i.e. draw what they can see in the sky during the day and night; draw what is
happening when he/she sees stars in the sky compared to when he/she does not see stars in the
sky) to get at students’ thinking about a specific pattern we observe in our sky. (See STI protocol
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in Table 3.1 below.) Therefore, the performance expectation and corresponding dimensions
described above were used as a guide in developing the Student Thinking Interview (STI) used
for this dissertation study. Next, I provide more detail about how I used this performance
expectation and “big idea” question to design the protocol I used with the focus students as a tool
to help me be responsive to students’ ideas and thinking in the moment as the interview was
unfolding.
First, prior to interviewing students, I anticipated three student responses to the big idea
question at various levels of complexity: (1) The stars only come out at night. They are not in the
sky during the day, (2) The light from the stars makes it so we can see them at night, and (3) The
sun is so bright that it outshines all the other stars in the sky during the day. Then, I listed openended follow up questions I might ask in response to each of these possible ideas. For example,
if a child responded to the initial “big idea” question by saying “the sun is so bright that it
outshines all the other stars during the day,” then I might respond by saying (1) Can you tell me
more about that?, (2) How can the sun outshine all the other stars?, (3) Why is the sun so much
brighter than all the other stars in the sky?, (4) Where are the other stars during the day? Why do
you think that?, (5) Why can you see the stars at night?, or (6) Could you draw a picture of how
the sun outshines the other stars? This flexibility is an important component of student thinking
interviews that allows the interviewer to be responsive to students’ ideas and thinking as they
unfold in the moment of the interview rather than a typical interview protocol where you go
through each question sequentially. See Table 3.1 below for a complete version of the STI
protocol I used to interview students after the informal star-gazing event described earlier.
Student Thinking Interview Protocol
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Big Idea Question: Why can stars only be seen in the night sky?
Disciplinary Core Idea (DCI): ESS1.A: The Universe and its Stars- The sun is a star that
appears larger and brighter than other stars because it is closer. Stars range greatly in their
distance from Earth.
Interview Materials: Paper; Markers
Interview Tasks
1. The student will be asked to draw a picture of what they can see in the sky during the day
and night on separate pieces of paper. The purpose of this task is to identify the student’s
prior experiences with observing the day and nighttime sky. For the purposes of this STI,
the focus should be on the sun, moon, and stars. If the student on his/her own does not
offer these objects, then prompting questions will be asked to elaborate on the student’s
initial response.
2. The student will be asked probing questions to uncover how he/she thinks about why
he/she is able to see stars only in the night sky.
3. The student will be asked to draw what is happening when he/she sees stars in the sky
compared to when he/she does not see stars in the sky to further elicit his/her thinking
about the “big idea” question. The student may be asked to add to his/her drawing
throughout the interview.
Interview Sequence
•

Start: Good afternoon, thank you for helping me today. I am really interested in your
thinking about the objects we are able to see in the sky. So I want to ask you some
questions and ask you to draw some pictures to help me understand your thinking about
this. There are no right or wrong answers to these questions. I am only interested in how
you think about these things. Can I record our conversation so I can listen to again another
time? Do you have any questions before we get started? Okay. Then let’s begin.

•

Using this piece of paper and markers, can you draw all the objects you are able to see in
the sky during the day. Repeat procedure for the objects the student is able to see during
the night. [If the student do not draw the sun, moon, and stars on his/her own, then the
researcher will ask prompting questions to help the student elaborate further on their initial
response.]

•

[Lead into the “Big Idea Question”] Why can stars only be seen in the night sky?

•

[Follow with probing questions as necessary using the graphic organizer below]
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•

End: Your ideas about how we are able see the stars in the sky are really interesting. And
your drawing really helps me understand how you think about this. Now, I have a lot to
think about! Do you have any other ideas about this you would like to share? Again, thank
you so much for helping me with this today and telling me about your thinking. This helps
me think about how to teach science to other students like you.

Graphic Organizer
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Why can we see the stars at night and
not during the day?
The stars only
come out at
night. They are
not in the sky
during the day.

Can you tell me
more about that?
Where are the stars
during the day?
Why do you think
that?
Why do you think
stars only come out
at night?
How can you see
the stars at night?
Could you draw a
picture of what
happens to the stars
during the day?

The light from the
stars makes it so I
can see them at
night.

Can you tell me
more about that?
How do know there
is light coming
from the stars?
Why can you not
see the light from
the stars during the
day?
Why can you see
the stars at night?
Could you draw a
picture of how the
light from the stars
makes you see
them?

The sun is so
bright that it
outshines all the
other stars during
the day.
Can you tell me
more about that?
How can the sun
outshine all the
other stars?
Why is the sun so
much brighter than
all the other stars in
the sky?
Where are the other
stars during the
day?
Why can you see
the stars at night?
Could you draw a
picture of how the
sun outshines the
other stars?

Table 3.1. Student Thinking Interview protocol used in this dissertation study.
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Data Collection and Analysis. I conducted an individual STI with each of the 11 focus
students; each interview lasted between 15 and 20 minutes. Each STI was audio-recorded and
subsequently transcribed in preparation for analysis. Table 3.2 details the total length of each
pre-student thinking interview for each focus student, including the total number of transcribed
pages.
Length of Pre STI
# of Transcript Pages
10:06
5
20.31
7
16:31
7
22:59
8
20:25
12
19.31
10
15:07
7
20:29
6
18:10
8
12:56
8
16:57
9
3 hours 13 minutes 42
87 pages
seconds
Table 3.2. Focus Student Thinking Interview Duration and Transcribed Pages.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Focus Student
Trevor
Lane
Drake
Scarlett
Lauren
Blaine
James
Robin
Joanna
Jeremiah
Simon
TOTAL:

In order to understand what pieces of knowledge children drew on when reasoning about
why stars can only be seen in the sky at night (RQ1), I analyzed the 11 transcribed STIs using
content-focused grounded theory (Strauss & Corbin, 1990). First, I segmented the transcripts
based on when the child raised a new idea whether directly or indirectly related to the “big idea”
question. This method is similar to the data chunking method others have used in order to
identify a meaningful unit for analysis (Grant & Kline, 2004). Next, I coded each segment
according to the idea focus evident in the child’s statement. This segmentation allowed me to
thoroughly investigate the nature of the students’ thinking and understand what pieces of
knowledge they drew on to reason about and make sense of why stars can only be seen in the sky
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at night (RQ1), as well as determine the range of ways the students drew on their knowledge
pieces to assemble a coherent explanation about my “big idea” question.
Specifically, I used a method of analysis that drew upon the mode-node framework
developed by Sherin, Krakowski, & Lee (2012) to systematically unpack and make sense of
students’ thinking and reasoning as it unfolded during the STI. Sherin, Krakowski, & Lee’s
(2012) mode-node framework is based on three main constructs: (1) children’s knowledge
consists of a large number of diverse elements (i.e. nodes), (2) when the interviewer ask a
question it triggers a select subset of nodes in children’s thinking (i.e. mode), and (3) children
reason with the activated nodes to construct an explanation in the moment, which can be refined
and reconstructed as the interview progresses (i.e. dynamic mental construct—DMC).
To demonstrate this point, lets return to Caroline and her illustrative case presented in
Chapter 2. In this example, we see that Caroline has six relevant knowledge elements (i.e. nodes)
that she may use to reason about why stars only can be seen at night, including: 1) the stars travel
around the earth with the moon, 2) there is a lot of light in the day sky, 3) the moon orbits around
earth, 4) earth is closer to the sun than the moon during the day, 5) closer means better seen, and
6) the stars are hidden in the day sky. These nodes are demonstrated in Figure 3.2 below.

The stars
travel around
earth with the
moon.

There is a lot
of light in the
day sky.

The moon
orbits around
earth.

Earth is closer
to the sun than
the moon
during the
day.

Closer means
better seen

The stars are
hidden in the
day sky.
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Figure 3.2. An illustrative case of Caroline’s nodes and modes.
When asked, “Why do you think we only see stars in the night sky?” Caroline activates a certain
subset of these nodes that help her make sense of the question at hand. The nodes Caroline calls
upon to answer this question are called modes and are highlighted in Figure 3.2 (i.e. the stars
travel around earth with the moon, earth is closer to the sun than the moon during the day, closer
means better seen). She uses these modes to assemble an explanation in the moment that makes
sense to her, which may be:
“The stars probably follow the moon around the world, because the moon orbits
around the Earth. When the Earth gets closer, when it gets night, we can see the
moon. There will be stars up there, because the stars are going to be with the
moon. When it’s daytime, you’re going to be able to see the sun and clouds,
because we will be closer to the sun than the moon.”
This framework is especially suited to my work as it naturally accounts for inconsistencies in
children’s explanations. For example, some nodes (i.e. cognitive resources; knowledge pieces)
may become more or less activated as children draw on the pieces of knowledge they already
possess to begin assembling and reassembling explanations that make sense based on their
everyday thinking about the scientific phenomenon. Analyzing the STI data in this way allowed
me to not only be able to identify individual pieces of knowledge in children’s ideas and thinking
as it was made visible during the interview, but also identify the range of ways the students drew
on their knowledge pieces to form a coherent explanation and reassemble them as their thinking
evolved during the interview setting. In other words, I was able to look—both within and across
the students’ STI data—for patterns in the individual pieces of knowledge they drew on to
construct an explanation of the “big idea” question, how they assembled their pieces of
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knowledge into a coherent explanation, and how they may have reassembled their knowledge
pieces in a new way to reconstruct a range of possible explanations during their STI.
Analytic Rules and Process. I used the STI data collected from each of the 11 focus
students to answer (RQ1)—What pieces of knowledge do children draw on when reasoning
about why stars can only be seen in the sky at night? I also used the STI data to answer (RQ2)—
How do children assemble these pieces to form coherent explanations about this question? I drew
on three analytic rules in analyzing the STI data to determine the range of explanatory statements
students constructed to respond to the big idea question—Why can we see stars in the sky at
night and not during the day?
First, I analyzed the STI transcripts to identify what pieces of knowledge the focus
students utilized to reason about and make sense of why stars can only be seen in the sky at
night. An important consideration in this process was determining a unit of analysis that was
small enough to capture a single knowledge piece and large enough to maintain the meaning of
the knowledge piece. I present an excerpt from Scarlett’s pre-STI below as an illustrative
example to explain the process I used in determining the grain size of my unit of analysis for
analyzing the STI data. Scarlett initially responded to the “big idea” question “Why can we see
stars only at night?” by saying:
“The stars are bright but the sun is even brighter. Sometimes, the clouds even
cover the stars but they’re always in the sky. You just can’t see them because the
sun’s bright. The moon isn’t as bright as sun so you can see them easier. They’re
also pretty bright.”
I first considered the implications of individual entire responses as a unit of
analysis for the STI transcripts. However, I was unable to determine the best way to
identify what the primary knowledge piece should be when evidence of multiple pieces
of knowledge are evident within a single explanatory statement, like the one above. Next,
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I looked at individual sentences as a potential unit of analysis, like “the stars are bright,
but the sun is even brighter.” This presented a similar problem—more than one
knowledge piece was found. As such, I chose to segment each sentence into the smallest
pieces that made sense. For example, the sentence above was segmented twice: 1) The
stars are bright and 2) The sun is even brighter. Then, I asked myself what knowledge is
represented in each segment of Scarlett’s thinking (i.e. what does she demonstrate that
she knows). Segment one illustrates Scarlett’s knowledge that “stars are bright” and
segment two illustrates that she knows “the sun is bright” and “brightness varies”. This
analytic rule was applied to all instances of student talk in the first STI I analyzed. The
knowledge pieces identified in STI #1 became the codebook for STI #2. Any new pieces
of knowledge that could not be accounted for using the knowledge pieces from STI #1
were added to the codebook and applied to STI #2. This process continued until
saturation was met and all STIs were coded for knowledge pieces.
Next, I noticed patterns in the types of knowledge pieces the focus students were
drawing on to make sense of the “big idea” question. For example, I noticed knowledge
pieces grouping around similar areas (i.e. sun, stars, and earth, etc.) This led me to extract
all the knowledge pieces identified from the STI transcripts during the first round of
coding and reorganize them by content area focus. Each collection of knowledge pieces
that grouped around a similar content area focus became a unique knowledge piece group
(KPG). Each piece of knowledge identified is sorted by knowledge piece group (KPG) in
the table below.
KPG Identifier
NCO1.
NCO2.
NCO3.

KPG of Non-Celestial Objects
Clouds can be seen
Other non-celestial objects can be seen
Clouds prevent celestial objects from being seen

60

NCO4.
NCO5.
NCO6.
KPG Identifier
E1.
E2.
E3.
E4.
E5.
E6.
E7.
E8.
E9.
E10.
E11.
KPG Identifier
MN1.
MN2.
MN3.
MN4.
MN5.
MN6.
MN7.
MN8.
MN9.
MN10.
MN11.
MN12.
MN13.
KPG Identifier
SR1.
SR2.
SR3.
SR4.
SR5.
SR6.
SR7.
SR8.
SR9.
SR10.
SR11.
KPG Identifier
SN1.
SN2.
SN3.

Clouds have color
Clouds can rain
Clouds are not with stars
KPG of Earth
Earth has day/night
Earth faces celestial objects
Sky has brightness/darkness
Earth has sides
Earth moves/ does not move
Sky has color
Earth is tilted
Earth has an axis
Earth is big
Earth is a sphere
Earth is part of a universe
KPG of Moon
Moon can/cannot be seen
Moon gives light
Moon is bright/dark
Moon moves
Moon allows objects to be seen
Moon has different shapes
Moon darkens night
Moon has features that can be seen
Moon is outdoors
Moon is distant
Moon has sides
Moon won’t burn stars
Moon is cool
KPG of Stars
Stars can/cannot be seen
Stars are not all the same
Stars are bright
Stars are in sky
Stars are distant/not distant
Stars have color
Stars look differently from earth/space
Stars give light
Stars surround/do not surround celestial objects
Stars are like/not like other objects
Stars move/don’t move
KPG of Sun
Sun can/cannot be seen
Sun is bright
Sun is big
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SN4.
SN5.
SN6.
SN7.
SN8.
SN9.
SN10.
SN11.
SN12.
SN13.
SN14.
SN15.
SN16.
SN17.
SN18.
SN19.
SN20.
SN21.
SN22.
SN23.
KPG Identifier
PP1.
PP2.
PP3.
PP4.
PP5.
PP6.
PP7.
KPG Identifier
K1.
K2.
K3.
K4.
KPG Identifier
PR1.
PR2.
PR3.
PR4.
PR5.
PR6.
PR7.
PR8.
PR9.
PR10.
PR11.

Sun has light
Sun moves/does not move
Sun is a star
Sun looks differently from earth/space
Sun is like other objects
Sun is distant/not distant
Sun has color
Sun has things in it
Sun has rays
Sun is round
Sun is hot
Sun burns objects
Sun is part of universe
Sun is old
Sun will explode
Sun heats earth
Sun was made
Sun is a planet
Sun causes day
Sun causes fire
KPG of People
People have missing knowledge
People experience the natural world
People exist on earth
People sleep
People need sun to survive
People’s vision can vary
Celestial objects are like people
KPG of Knowledge
Knowledge can be communicated
Knowledge can be obtained
Knowledge can be believed/not believed
Knowledge can be right/wrong
KPG of Practice
The natural world can be observed
Objects in the natural world can be modeled
Conditions determine what can be observed
Questions can be asked
Models can be used in sense making
Variables can be measured
Patterns exist/do not exist in the natural world
Observations of the natural world are cool/boring
Observations can be evidence
Observations can be remembered
Familiar phenomenon can be used in sense making
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KPG Identifier
KPG of Matter
MR1.
Burning matter is bright/light
MR2.
Matter burns
MR3.
Matter moves
MR4.
Matter combines
MR5.
Matter changes temperature
MR6.
Matter has color
KPG Identifier
KPG of Light
L1.
Light covers/does not cover other light
L2.
Light conditions can vary
L3.
Light has power
L4.
Light reflects
L5.
Light travels
L6.
Light covers objects
KPG Identifier
KPG of Brightness
B1.
Brightness varies
B2.
Closer means brighter
B3.
Certain color causes brightness
B4.
Bigger means brighter
B5.
Bright objects provide light
B6.
Brightness shines on stars
KPG Identifier
KPG of Hotness
H1.
Fire causes hotness
H2.
Hotness makes color
H3.
Heat surrounds objects
H4.
Hot cells provide brightness
KPG Identifier
KPG of Darkness
D1.
Darkness exists
D2.
Darkness covers stars
D3.
Space is darkness
Table 3.3. Knowledge Piece Group Identifier and Description.
Lastly, I applied the knowledge piece groups that emerged from the STI transcripts to
categorize the focus students’ explanatory statements. I narrowed the scope of this data to only
the talk immediately following where the “big idea” question was asked in the STI, as well as
students’ talk when they were detailing their drawing to elaborate further on their initial
explanatory statement. This choice was intentional for two reasons. One, the “big idea” question
was always posed at the beginning of the student thinking interview and students’ were always
asked to engage in the task of modeling their thinking toward the end of the student thinking
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interview. Two, asking students’ to model their thinking by drawing might provide knew insight
into their pieces of knowledge that simply asking them to respond to the “big idea” question
might not.
Each knowledge piece group the focus student mentioned during these moments were put
together to identify their explanatory statement pattern. For example, Scarlett’s initial
explanatory statement above includes knowledge pieces from the Sun and Star. Later in her STI
when she was asked to explain her drawing that represented her thinking she continued to draw
on knowledge pieces from the Sun and Star groups, but she also brought in pieces from the
knowledge piece group—practice. Therefore, her explanatory statement pattern was identified as
Sun—Star—Practice. This analytic rule was applied across all STI transcripts.
In chapter 4, I describe the results of this STI analysis, which includes a full description
of Knowledge Pieces organized by Knowledge Piece Groups, as well as the range of explanatory
statements found in the STI data across the 11 focus students.
Part 2: Exploring Children’s Everyday Thinking about Why stars Can Only Be Seen in the
Sky at Night through Classroom Artifacts.
In part 1 of this study, I investigated children’s everyday thinking about the big idea
question prior to classroom instruction by utilizing a STI protocol and analyzing the interview
data. In part 2, I sought to gain insight into the pieces of knowledge children draw on to reason
about and make sense of the “big idea” question during authentic science learning experiences. I
therefore continued my investigation of children’s ideas and thinking, but in an authentic science
classroom context. This part of my dissertation work involved analyzing student artifacts from
science lessons created during a unit focused on why stars can only be seen in the sky at night.
The student artifacts that served as data were created during the implementation of an Earth and
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Space science unit I had designed to support students in developing a deeper conceptual
understanding of this question. I then shared this unit with Ms. Bernina, who revised and then
taught the unit to her students over five days in a single week.
5-E Learning Cycle Unit Design. This unit included five phases of instruction based on
the 5-E learning cycle model of instruction (BSCS, 1989; Bybee, 2000; Bybee et al., 2006). The
five phases include: (1) Engage, (2) Explore, (3) Explain, (4) Elaborate, and (5) Evaluate. One
phase was taught each day within a single week beginning with the ENGAGE Phase on Monday
and ending with the EVALUATE Phase on Friday. A range of authentic science learning
experiences were designed in each phase, including, eliciting students’ initial ideas and thinking
about a shared experience in the ENGAGE Phase, asking a scientific question and designing an
informal investigation to gather evidence to reason about this “big idea” question in the
EXPLORE Phase, constructing explanations tied to students’ own data in the EXPLAIN Phase,
building on and refining these explanations in the ELABORATE Phase, and evaluating one’s
own understanding in the EVALUATE Phase. Table 3.3 below provides a brief summary of each
phase.
5-E Learning Cycle Unit: Outline of Each Phase’s Primary Purpose
Students will draw the natural objects they are
able to see in the day and night sky in their
science notebooks and write their initial
Engage
explanation about “Why we are able to see the
stars in the sky at night and not during the
day.”
Students will share their initial explanations
Explore
whole group and construct a model in small
groups to demonstrate their thinking.
Students will present their models to their
peers and the teacher will facilitate discussion
Explain
as learners form sophisticated understandings
about the “big idea” question.
Students will respond to a scenario that
Elaborate
requires them to apply their new learning to
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help a boy named Oliver be able to see the
glow of the stars at night.
Students will be assessing their own learning
by comparing and contrasting their initial and
final explanation about the “big idea”
Evaluate
questions. The teacher will assess student
learning by evaluating student responses to
the scenario presented in the previous phase.
Table 3.4. Earth and Space Science Unit Summary.
Teacher Professional Development and Unit Revision. Instead of simply taking the
unit plan and implementing it, I wanted Ms. Bernina to use the 5-E lesson plan as a base and
revise it in ways that were specific to her students and teaching context. Therefore, prior to
implementing this unit in her science class, Ms. Bernina participated in a teacher professional
development (PD) experience focused on analyzing student artifacts for evidence of knowledge
and thinking statements. The purpose of this PD experience was twofold: (1) to support Ms.
Bernina in learning how to pay attention to her students’ knowledge and thinking statements’
present in their artifacts, and (2) to provide Ms. Bernina an unique opportunity to develop her
own knowledge about her students, including what they thought and what they knew about why
stars can be seen only in the sky at night.
Since this PD occurred after I had conducted the STIs with Ms. Bernina’s 11 focus
students, I drew on transcripts from these interviews to both model for Ms. Bernina how to make
sense of the knowledge and thinking present in student artifacts, as well as provide her with an
opportunity to practice analyzing student artifacts with actual data from her own students. During
the first PD session, one STI transcript (from Jacob’s interview) was used as a learning tool to
allow her to practice identifying statements of knowledge and thinking while I was present to
scaffold her through this learning endeavor.
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After the first PD session, Ms. Bernina was asked to analyze 4 additional STI transcripts
(Trevor, Simon, Drake and Scarlett) for homework prior to the second PD session. During the
second session, I asked Ms. Bernina to discuss her students’ statements of knowledge and
thinking both individually and across her 4 students. This encouraged Ms. Bernina to consider
what was unique about her students’ knowledge and thinking, as well as what was reoccurring
about her students’ everyday ideas and thinking.
Next, I interviewed Ms. Bernina, discussing both her analyzed STI transcripts and the 5-E
Learning Cycle Unit lesson plans. This interview was semi-structured in nature and served as an
opportunity for Ms. Bernina to use what she learned about her students’ everyday ideas and
thinking during the PD to make revisions to the unit I had developed on the same topic. As such,
I began the interview by establishing the purpose of the interview session and by prompting Ms.
Bernina to think about what she learned about her students’ knowledge and thinking during the
PD. Then I focused Ms. Bernina’s attention to each phase of the unit and asked her a series of
questions found in the excerpt of the interview protocol provided in Table 3.5 below.
•

Start: You have learned about your students’ thinking and knowledge around
why we are able to see stars in the night sky and not during the day by analyzing
Student Thinking Interviews. The purpose of our session today is to provide you
with an opportunity to make revisions to the unit you will be teaching based on
what your students think and know about this question. We will begin by
reviewing the major themes you identified in what your students think and know.
Then I will let you begin working through each phase of the unit to determine
whether or not you would like to make revisions based on what your students
think and know. Do you have any questions before we get started? Okay, then
let’s begin.

•

Can you describe for me what your students think and know about why we see
stars in the night sky and not during the day?

•

In the current Engage Phase, you will ask students to draw a picture of the
celestial objects they can see in the day and night sky in their science notebooks.
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o Based on what you have learned about your students’ thinking and
knowledge, what do you expect your students to include and/or not
include in their pictures?
o Without changing the intent of the engage phase (no direct teaching), is
there something you could add to this engage activity that will further
spark your students’ everyday thinking about this?
o What thinking/knowledge are you drawing on to make this change?
o How will this change help prepare your students to think more deeply
about this topic in the rest of the unit? (How will it serve as a starting point
in developing a more sophisticated conceptual understanding?)
•

Similar questions were asked for each of the remaining 4 phases (Explore,
Explain, Elaborate, and Evaluate).

Table 3.5. Teacher Interview Protocol.
This interview lasted 48 minutes and 26 seconds, resulting in 28 pages of interview
transcription and one artifact created by Ms. Bernina herself—a science unit with margin notes
detailing revisions and modifications based on Ms. Bernina’s knowledge of her students’
everyday ideas and thinking. This revised unit is what Ms. Bernina taught while the classroom
data was collected.
Data Collection and Analysis. For part 2 of my dissertation study, I collected student
artifacts created during each phase of the unit. Although artifacts were collected from each
student in Ms. Bernina’s class, including the 11 focus students and 8 non-focus students, I chose
to only analyze the artifacts created by the focus students as they could be paired with their STI
data. The non-focus students did not participate in the STI phase of this study, but they were
present in Ms. Bernina’s class as she taught the 5-E learning cycle unit about why stars can only
be seen in the sky at night.
During each phase of the unit, Ms. Bernina asked her students to complete an artifact of
their learning about why stars can be seen only in the night sky. These handouts were tailored to
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each phase of the unit. A brief description of each handout is provided below, but full versions of
the handouts from each phase can be found in Appendix A.
5-E Learning Cycle Unit Handout Description
•

The ENGAGE Phase handout asked students to draw the celestial objects they could see
in the day and night sky, write an explanation to the “big idea” question—why can stars
be seen only in the night sky, and draw a picture to explain their thinking

•

The EXPLORE Phase handout asked students to draw their small group’s working model
for why stars can be seen in the night sky and write a revised explanation using the
explanation start “We think stars can be seen in the night sky because…Our model shows
our thinking because…” Students were also asked to repeat this process for why their
small group thought stars cannot be seen in the day sky.

•

The EXPLAIN Phase handout provided students a table to record their data. Then guided
students in making sense of this data through a series of questions, like “What do you
notice about the diameter of the soccer ball as the distance changes? What do you notice
about the brightness of the penlight as the distance changes? or How does this activity
help you explain why we cannot see stars in the day sky?”

•

The ELABORATE Phase handout presented students with a scenario about a boy named
Oliver who lives in the city of Chicago and cannot see the glow of the stars in the night
sky. Students are asked to help Oliver solve his problem by first considering why they
think Oliver cannot see the glow of the stars in the night sky and then brainstorming ways
Oliver may be able to see the glow of the stars (i.e. turn out all the city lights, etc.)

•

The EVALUATE Phase handout present students with a model of the sun, earth and
Neptune illustrating Neptune as being much farther from the sun than Earth. Then it
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asked students to imagine they are eating lunch on planet Neptune and to consider the
following question: “Would you be more or less likely to see stars other than the sun in
the sky? Explain your thinking?
Across the student artifact data, there are 3 missing data points in the ENGAGE Phase
and 1 missing data point in the EXPLORE Phase due to student absences, resulting in 4 focus
students (Trevor, Lauren, Robin, and Joanna) without complete student artifact data. However,
there still were 51 total student artifacts collected across all 5 phases of the 5-E Learning Cycle
Unit.
Student
Pseudonym
Trevor
Lane
Drake
Scarlett
Lauren
Blaine
Jacob

Engage
Phase
Artifact
X
X
X
X
Missing
Data
X
X

Explore
Phase
Artifact
Missing
Data
X
X
X
X

Explain
Phase
Artifact
X

Elaborate
Phase
Artifact
X

Evaluate
Phase
Artifact
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X

X
X

X
X

X
X

Robin

Missing
X
X
X
X
Data
Joanna
Missing
X
X
X
X
Data
Jeremiah
X
X
X
X
X
Simon
X
X
X
X
X
TOTAL:
8
10
11
11
11
Table 3.6. Student Artifacts from Unit Conducted by Ms. Bernina about Why Stars Can Only Be
Seen at Night.
To analyze the artifact data, I examined what knowledge pieces were evident in the
artifacts created during each phase of the 5-E Unit using a two-pronged approach. First, I looked
to see if the knowledge piece types identified in the previous analysis of the STI data were
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evident in what students wrote. Second, I considered students’ drawings on the classroom
artifacts, when applicable, to see if they offered additional evidence of the knowledge piece
types found in what students wrote or something new. It is important to note that although I
analyzed the student artifact data using the coding scheme developed from Part 1 of my
dissertation study, I remained open for additional pieces of knowledge to emerge in the focus
students’ artifacts, pieces different from those already identified. For example, while 11
knowledge pieces surrounding the knowledge piece group of practice emerged from the STI
data, I was open to other knowledge pieces of practice emerging from the activities during the 5E unit and showing up in the artifacts in some form. By analyzing the focus students’ artifacts in
this way, I was able to identify the knowledge pieces evident in their artifacts created during the
5-E unit, and thus was able to address my RQ4.
In chapter 4, I describe the results of this artifact analysis, including a full description of
the Knowledge Pieces and Knowledge Piece Groups evident within students’ artifacts. This
includes a discussion of the pieces and groups that were previously identified in the focus
students’ interviews, as well as those unique to the student artifacts gathered while students
engaged in science learning experiences about why stars can only be seen in the sky at night
Part 3: Determining How Children’s Everyday Thinking about Why Stars Can Only Be Seen
in the Sky at Night Changes Over Time
Data Collection. After Ms. Bernina finished teaching the 5-E Learning Cycle Unit Why
Stars Can Only be Seen at Night, I conducted post STIs individually with each of the 11 focus
students during regular school hours. I followed the pre STI methodology detailed previously. As
such, I asked each focus student to:
1. Draw the objects they can see in the sky during the day
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2. Draw the objects they can see in the sky at night
3. Respond to the “big idea” question—Why can we see stars in the sky at night and not
during the day?
4. Answer probing and pressing questions about their ideas and thinking
5. Draw a model to represent their thinking about why stars can be seen only at night
I completed all post STIs within two days of unit completion—six interviews on Day 1 and
five interviews on Day 2. I did not predetermine the order in which the students were
interviewed. All interviews were conducted based on the order in which the focus students
volunteered to go next and the time remaining in the school day.
These interviews provided an opportunity for me to elicit the focus students’ everyday ideas
and thinking about why stars can only be seen in the sky at night after engaging in classroom
instruction around this big idea as part of their learning experiences in the 5-E Learning Cycle
unit (previously described). The post STI data was needed in order to address my fourth research
question: In what ways do focus students’ explanatory statements change over time? The post
STI data analysis allowed me to determine whether the focus students’ explanatory statements
demonstrated progress towards a deeper conceptual understanding. In particular, I was curious to
see the range of diversity in knowledge pieces the focus students leveraged in their explanatory
statement from pre to post.
The STI interviews ranged in length from 6 to 20 minutes resulting in 65 total pages of
interview transcription. Table 3.7 below details the length of each interview by focus student. To
answer RQ4, I then analyzed both the pre and post STI data for each of the 11 focus students. I
discuss my analytical process next.
1.

Focus Student
Blaine

Length of Post STI
15:24

# of Transcript Pages
8
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2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Drake
10:04
James
9:22
Jeremiah
9:17
Joanna
12:50
Lane
8:51
Lauren
20:25
Robin
14:47
Scarlett
12:41
Simon
13:05
Trevor
6:47
TOTAL: 2 hours 13 minutes 33
seconds
Table 3.7. Post STI Data Summary.

65 pages

5
5
5
5
4
9
8
6
6
4

Post STI Data Analysis. Each post STI was audio-recorded and subsequently transcribed
in preparation for analysis. In order to examine how the focus students’ explanatory statements
changed over time (RQ4), I first reduced the pre and post STI transcript data to only include the
students’ first response after the “big idea” question was posed. This data reduction was
necessary because the semi-structured nature of the STI protocol meant that both the pre and post
STI did not follow the same path. If I wanted to compare students’ explanations of why we can
only see stars at night, I needed to look at STI data that was in response to the same question
across both time points. Thus, reducing the data to only include their first responses after the “big
idea” question was posed allowed me to make a comparison of explanatory statements at two
different time points. Here, I refer to the explanatory statement identified in each focus students’
pre STI as their initial explanatory statement and in their post STI as their final explanatory
statement.
Focus students’ initial explanatory statements were already analyzed using contentfocused grounded theory (Strauss & Corbin, 1990) to answer RQ1. (See description in Part 1.)
As a reminder of my analytic process, I first segmented the transcripts based on when the child
raised a new idea whether directly or indirectly related to the “big idea” question and coded each
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segment according to the idea focus evident in the child’s statement. Therefore, I applied this
same analysis to focus students’ final explanatory statements. This allowed me to identify the
diversity in knowledge pieces and knowledge piece groups present in focus students’ initial and
final explanatory statements.
The analytic process I followed to determine whether any change was present in focus
students’ initial and final explanatory statements (RQ4) was twofold. First, I identified the range
of knowledge pieces and knowledge piece groups the focus students used to assemble their initial
and final explanatory statements. Second, I worked to understand the ways in which these
differences mattered towards the focus students’ conceptual understanding of why stars can only
be seen at night.
It is important to note that there are two ways to assess students’ explanatory statements.
One way is to check it for alignment with the established body of knowledge (Hammer &
Sikorski, 2015). However, it is important to recognize that while what students think and do as
they work towards conceptual understanding may not align with the canon, it can still be a step
in that direction. For example, the idea that stars cannot be seen in the day sky because they
move higher up in the sky does not align with canonical understanding, but it does demonstrate
coherence for the student as the idea held together sufficiently in the student’s mind.
To be clear, I did not analyze students’ explanatory statements for correctness in my
analytic approach to RQ4. I sought to identify diversity among the knowledge piece and group
types students used in their initial and final explanatory statements to demonstrate their progress
in developing conceptual understanding. In other words, I was looking for coherence in
students’ sense-making, not in terms of how it compared to the target canonical understanding.
Each step is further detailed in the paragraphs below.
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First, the knowledge pieces in each initial and final explanatory statement was identified.
Then the KPG for each piece was determined. This allowed me to see if the diversity of
knowledge pieces changed from students’ initial to final explanatory statements. Next, I looked
to existing teacher and student resources for examples of explanatory statements about why stars
can only be seen at night to demonstrate what diverse knowledge pieces related this phenomenon
could look like, not to assess students’ explanatory statements for correctness. While I chose to
highlight three explanatory statements, including Full Option Science System (FOSS), National
Aeronautics and Space Administration (NASA), and Topper Learning, I acknowledge there are
other ways this phenomenon could be explained.
The first explanatory statement came from FOSS. I chose to use the explanatory
statement evident within this publish science curriculum as it was the adopted science curriculum
at Bobbin Elementary School. The FOSS explanatory statement for this phenomenon was:
“When it is clear, you can see stars in the night sky. Night is the only time you
can see stars. Well, almost the only time. There is one star we can see in the
daytime. It’s the Sun. The Sun shines so brightly that it is impossible to see the
other stars. But after the Sun sets, we can see that the sky is full of stars (FOSS
Science Resources, p. 15, 2016)”
The second explanatory statement was published by NASA (2000). I chose to use this
explanatory statement due to their research efforts towards understanding earth and space science
phenomenon. NASA afforded the following explanatory statement for why stars cannot be seen
in the day sky:
“You can see one star during the day—the Sun! But because the sky is so bright
(due to the Sun being bright), other stars are not visible. On the Moon, if you
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shield the sun with your hand and let your eyes dark-adjust, you can see stars
during the ‘day’.”
Lastly, I referenced the explanatory statement offered by Topper Learning (2018). I chose this
explanatory statement because it most closely aligned with how I conceptualized the answer to
the “big idea” question—Why can stars only be seen in the sky at night?—when crafting the unit
the focus students experiences as part of this dissertation study. It was also the most recent
published explanatory statement I could find for this particular earth and space science
phenomenon. It states:
“Stars are present in the sky at both day and night. However, we cannot see them
during the daytime because of the glare of the Sun. During the day, the light of the
Sun makes our sky so bright that we cannot see the much dimmer stars. At night,
in the absence of the Sun, the sky becomes dark and the light of the stars can be
seen. That is why, we are able to see the stars clearly only at night.”
Once the published explanatory statements were identified, I analyzed them using the
same coding scheme that was applied to the student thinking interview transcripts and student
artifacts to identify the individual pieces of knowledge and knowledge piece groups at play. This
allowed me to identify the diverse knowledge pieces that students could use to demonstrate
conceptual understanding about why stars only be seen in the night sky. Table 3.8 below
demonstrates how diverse knowledge pieces are represented across these three explanatory
statements.
KPG Identifier
NCO3.
KPG Identifier
E1.
E3.
KPG Identifier

KPG of Non-Celestial Objects
Clouds prevent celestial objects from being seen.
KPG of Earth
Earth has day/night.
Sky has brightness/darkness
KPG of Stars
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SR1.
Stars can/cannot be seen.
SR4.
Stars are in sky.
KPG Identifier
KPG of Sun
SN1.
Sun can/cannot be seen
SN2.
Sun is bright.
SN4.
Sun has light.
SN5.
Sun moves.
SN6.
Sun is a star.
KPG Identifier
KPG of Brightness
B1.
Brightness varies
KPG Identifier
KPG of Darkness
D1.
Darkness exists
Table 3.8. Diverse knowledge pieces in explanatory statements from teacher and student
resources.
Drawing on Table 3.8 as a tool, two criteria emerged that could indicate students’
progress towards a deeper conceptual understanding, including 1) An increase in knowledge
piece or group types and 2) A decrease in knowledge piece or group types. This provided a
means for which to talk about changes in students’ initial and final explanatory statements as
having an increase or decrease knowledge piece or group types.
For example, an increase in the diversity of knowledge pieces could indicate conceptual
understanding if a student did not fully explain the phenomenon in their initial explanatory
statement. In this way, we would expect the student to have a greater diversity in knowledge
pieces in their final explanatory statement to indicate a more complete explanation. A decrease in
diversity of knowledge pieces could also indicate a student’s progress towards conceptual
understanding. For instance, you can imagine a decrease in knowledge pieces showing a stronger
coherence among students’ ideas. In chapter 4, I will describe the results of this analysis across
all 11 focus students’ pre and post STI data.
Summary
In Chapter 3, I described my three-part dissertation study examining 11 5th grade students’
ideas and thinking about why stars can only be seen in the sky at night. Four research questions
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guided this work, including: (RQ1) What pieces of knowledge do children draw on when
reasoning about and making sense of why stars can only be seen in the sky at night?; (RQ2) How
do children assemble these pieces to form coherent explanations about this question?; (RQ3)
What knowledge pieces are evident in children’s artifacts created during science learning
experiences about this phenomena? and (RQ4) In what ways do focus students’ explanatory
statements change over time?
In part one, I investigated 11 5th grade students’ ideas and thinking about why stars can only
be seen in the sky at night in order to answer RQ1 and RQ2. In part two, I applied the coding
scheme developed in Part 1 to analyze student artifacts created during a unit about the topic to
see what, if any, new patterns emerged in the pieces of knowledge students drew on or how they
assembled them to make sense of the “big idea” question (RQ3). Lastly, I looked at the focus
students’ initial and final explanatory statements evident in their pre and post student thinking
interviews (STIs) to determine whether their initial explanatory statements shifted towards a
more plausible, mechanistic explanation from STI #1 to #2.
In Chapter 4, I describe the results of this threefold study. This includes a full description of
Knowledge Pieces organized by Knowledge Piece Groups, as well as the range of explanatory
statements found in the STI data across the 11 focus students. Next, I describe the results of the
artifact analysis, including a discussion of the knowledge pieces and knowledge piece groups
that were previously identified in the focus students’ interviews, as well as those unique to the
student artifact data. Chapter 4 concludes with a discussion of illuminating findings that emerged
from comparing focus students’ initial and final explanatory statements from the pre and post
student thinking interview data.
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CHAPTER 4: RESULTS
In this chapter, I present the results of the analyses described in the previous chapter. I
begin by sharing the results of my analysis addressing RQ1 (What pieces of knowledge do
children draw on when reasoning about and making sense of why stars can only be seen in the
sky at night?) by providing a broad view of the knowledge pieces identified across 11 student
thinking interviews (STIs) surrounding the big idea question: Why can stars only be seen in the
sky at night? I then provide a more nuanced view of the knowledge pieces grouped around 13
areas (Knowledge Piece Groups or KPGs) children used to reason about and make sense of this
earth and space science idea.
Next, to answer RQ2 (How do children assemble these pieces to form coherent
explanations about this question?), I present my findings of the explanatory statement data in the
STI’s to demonstrate the range of ways the focus students made sense of the phenomenon at
hand. I begin by sharing a broad view of the eight KPG pattern types the focus students’
explanatory statements groups around. I then provide a more nuanced view of the eight
explanatory statement types by providing illustrative examples of the most common explanatory
statement KPG pattern type—those with pieces of knowledge of practice. I end by sharing
findings related to the less common explanatory statement pattern types—those without pieces of
knowledge of practice.
Then, to answer RQ3 (What knowledge pieces are evident in children’s artifacts created
during science learning experiences about this phenomenon?), I present results demonstrating
what knowledge pieces are evident in children’s artifacts created during a 5-E Learning Cycle
unit about this phenomena. These pieces—some similar and other unique from those evident

79

within the STI data—represent the pieces of knowledge children drew on to make sense of why
we see stars only at night as they engaged in the activities of the 5-E Learning Cycle unit.
Lastly, I present the results of my analysis surrounding RQ4 (In what ways do focus
students’ explanatory statements change over time?) showing how the diversity of knowledge
pieces in children’s explanations of why we see stars at night changed across time. I begin by
presenting focus students’ initial and final explanatory statement side-by-side. I then provide a
discussion related to how focus students’ demonstrated progress towards a deeper conceptual
understanding about why stars can only be seen at night, which includes two main ways: 1) an
increase in knowledge pieces and 2) a decrease in knowledge pieces.
Results Addressing (RQ1): What Pieces of Knowledge do Children Draw on when
Reasoning about and Making Sense of Why Stars Can Only Be Seen in the Sky at Night?
An analysis of the student thinking interview data reveals 3 main findings: (1) children
draw on a range of knowledge pieces, some similar and others unique, grouped around 13 areas
(referred to as Knowledge Piece Groups, or KPGs, in the presentation of the results below) when
reasoning about why we can see the stars at night and not during the day; (2) of the 13 KPGs,
children drew on knowledge representing 5 of the groups most often, and (3) while less common,
children drew on knowledge representing eight other KPGs in their sense-making process, and
these pieces commonly revealed uniqueness among the 11 children’s thinking.
RQ1 Result #1: Each Child Drew on a Range of Knowledge Pieces, Some Similar and Others
Unique, Grouped Around 13 Areas.
In total, 118 knowledge piece types emerged across 11 student thinking interviews
(STIs). These knowledge piece types were evident 1,246 times across all interviews and grouped
around 13 Knowledge Piece Groups (KPGs). Of these 118 knowledge piece types, 22 were
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evident in 6 or more STIs (see Table 4.1 below), while 59 were associated with only one child’s
STI. For example, the knowledge piece type “familiar phenomenon can be used in sense
making” is one example of a unique piece that was evident within one child’s STI. Robin was the
only student who used this knowledge piece in her sense-making around why we see stars in the
sky at night and not during the day. When describing the stars Robin said, “[The stars] are so hot
from being around the sun that they glow cause they’re hot, like how hot coals are like red
around it.” In this excerpt, Robin used a familiar phenomenon that “hot coals are like red around
it” to reason about and make sense of why hot stars glow.
Another example of a unique knowledge piece type—"clouds are not with stars”—was
evident in Joanna’s STI. Joanna said, “Some stars are pretty close too, but not all of them are like
right up against us.” When I asked her to clarify what she meant by stars being right up against
us she said, “They’re not like where the clouds are. They have to be a little bit higher than that.”
In this statement, Joanna is using the piece of knowledge that clouds are not in the same place as
the stars to make sense of stars’ distance from earth. Both Robin and Joanna’s examples are two
of the 59 unique knowledge piece types identified in the data. Appendix B lists all 118
knowledge piece types and indicates in which STIs each type was identified. The 59 unique
types are highlighted in yellow. (Note that Appendix B lists every knowledge piece type
identified in the data, and is organized by the Knowledge Piece Group (KPGs) for ease of
review.)
KP
Identifier

Knowledge Piece Type

SN1.

Sun can/cannot be seen

SR1.
MN1.

Stars can/cannot be seen
Moon can/cannot be seen

# of
Students
11
11
11

Examples from Data
“You can obviously see the sun in the
morning.”
“You also see stars.”
“I see the moon in the sky at night.”
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E1.

Earth has day/night

SR2.
SR3.

The natural world can be
observed
Objects in the natural world
can be modeled
Clouds can be seen
Sun is bright
Conditions determine what
can be observed
Stars are not all the same
Stars are bright

SR4.

Stars are in sky

NCO2.

Other non-celestial objects
can be seen

SN3.

Sun is big

PR1.
PR2.
NCO1.
SN2.
PR3.

E2.

Earth faces celestial objects

E3.

Sky has
brightness/darkness

11
11
11
11
10
10
9
9
9
9
8
8
8

“If it was like daytime on the other
side of the world, it would be
nighttime here.”
“The sun you can see it’s bigger and
it’s brighter than all of them.”
“I like to draw little circles on the
moon to represent craters.”
“Clouds, you see a bunch of them.”
“The sun is bright.”
“Sometimes on like a good night you
will be able see the sun as well.”
“Stars are all different sizes.”
“The stars are bright.”
“[The stars] are always going to be in
the sky.”
“I rarely sometimes see a bat.”
“The sun is the biggest star that we
have near our planet.”
“In the earth’s rotation, the sun is like
on another side and [the Earth] is
facing the moon.”
“It’s really bright outside.”

“The sun and the moon are on
different sides of the earth at different
times.”
PR4.
Questions can be asked
7
“Will we be travelling to mars soon?”
SN4.
Sun has light
6
“The sun’s always shining in the day.”
6
“The sun is not as close to earth
SN5.
Sun moves/does not move
anymore and the sun it gets pushed
back.”
Models can be used in
6
“But if there wasn’t any moon then
PR5.
sense making
the whole night would become
completely dark.”
Light covers/does not cover
“[The sun’s light] blocks out the
L1.
6
other light
stars.”
Table 4.1. 22 knowledge piece types evident in six or more STIs.
E4.

Earth has sides

7

The 118 knowledge piece types grouped around 13 areas (KPGs) including: KPG1: Sun,
KPG2: Stars, KPG3: Moon, KPG4: Earth, KPG5: Practice, KPG6: People, KPG7: Non-Celestial
Objects, KPG8: Matter, KPG9: Light, KPG10: Brightness, KPG11: Hotness, KPG12:
Knowledge, and KPG13: Darkness. Refer to Table 3.6 in Chapter 3 for a complete list of
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knowledge pieces that make up each group. Table 4.2 shows the distribution of the 118
knowledge piece types across these 13 KPGs. (To see how each knowledge piece type is
represented across the 11 focus students, refer to Appendix B.)
KPG Identifier

# of Knowledge Piece Types within KPG

KPG1 SN (Sun)
23 pieces (SN1-SN23)
KPG2 SR (Star)
11 pieces (SR1-SR11)
KPG3 MN (Moon)
13 pieces (MN1-MN13)
KPG4 E (Earth)
11 pieces (E1-E11)
KPG5 PR (Practice)
11 pieces (PR1-PR11)
KPG6 PP (People)
7 pieces (PP1-PP7)
KPG7 NCO (Non-Celestial Objects)
6 pieces (NCO1-NCO6)
KPG8 MR (Matter)
6 pieces (MR1-MR6)
KPG9 L (Light)
6 pieces (L1-L6)
KPG10 B (Brightness)
6 pieces (B1-B6)
KPG11 H (Hotness)
4 pieces (H1-H4)
KPG12 K (Knowledge)
4 pieces (K1-K4)
KPG13 D (Darkness)
3 pieces (D1-D3)
Table 4.2. Summary of the Total Number of KP Types by KPG.
RQ1 Result #2: Children drew on knowledge associated with five of the KPG areas most often.
Looking across the data presented in Table 4.2, note that KPGs 1-5 account for 66% (78
of 118 knowledge piece types) of the knowledge piece types identified, whereas the remaining
34% (40 of 118) are associated with KPGs 6-13. While children drew on knowledge from all 13
KPGs, they most often drew on knowledge associated with KPGs 1-5: (1) Sun, (2) Stars, (3)
Moon, (4) Earth, and (5) Practice. Next, I provide more detail of the data informing these RQ1
results 1 and 2 by presenting a more nuanced look at the data.
Zooming in on RQ1 Results 1 and 2. In the following paragraphs, I provide a detailed
overview of each KPG, including the knowledge pieces identified, the number of children
identified as having used each piece, and examples from the transcript data of phrases identified
as containing a few selected knowledge pieces. Note that my purpose here is to provide a sense
of the STI data without tiring the reader with long descriptions of every knowledge piece in each
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KPG. I therefore have selected only a few knowledge pieces within each KPG of which to
provide an example. Following each KPG overview, I provide selected illustrative examples
from the STI data (i.e. transcripts and student drawings) to further highlight the nuances evident
within each KPG.
KPG1: Sun. Across the data, I identified 23 pieces of knowledge surrounding the KPG of
Sun. Of these 23 pieces, five were evident in six or more STIs, while ten were evident in only
one child’s data. The remaining eight Sun pieces were evident in at least two and no more than
five transcripts. Table 4.3 summarizes this data illustrating the 23 pieces of Sun group
knowledge, the number of children identified as having used each piece, and examples from the
transcript data of phrases containing such knowledge pieces.
KP
Identifier

KP of Sun

SN1.

Sun can/cannot be seen

SN2.

Sun is bright

SN3.

Sun is big

SN4.

SN10.

Sun has light
Sun moves/does not
move
Sun is a star
Sun looks differently
from earth/space
Sun is like other
objects
Sun is distant/not
distant
Sun has color

SN11.

Sun has things in it

SN12.

Sun has rays

SN13.
SN14.

Sun is round
Sun is hot

SN5.
SN6.
SN7.
SN8.
SN9.

KPG1: Sun
# of
Examples from Data
Students
11
“You can obviously see the sun in the
morning.”
10
“The sun is bright.”
8
“The sun is the biggest star that we have
near our planet.”
6
“The sun’s always shining in the day.”
6
“The sun is not as close to earth anymore
and the sun it gets pushed back.”
5
“The sun is a star.”
4
“The sun is close and so bright… but as
we see it, it is like a circle.”
4
“The sun is like one of these lights and
that would take over all of that.”
4
“I know that the sun is closer to the
earth.”
3
“[The sun] is always different colors.”
3
“[The sun] has like a lot more things in
it.”
3
“Because of [the sun’s] heat rays and
everything.”
2
“In space, the sun is round.”
1
“[The sun] is so hot.”
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SN15.

Sun burns objects

SN16.
SN17.

Sun is part of universe
Sun is old

SN18.

Sun will explode

SN19.
SN20.
SN21.
SN22.

Sun heats earth
Sun was made
Sun is a planet
Sun causes day

SN23.

Sun causes fire

1
1
1
1
1
1
1
1
1

Table 4.3. Knowledge pieces in KPG Sun.

“The sun’s like on fire and if you touch it,
it will burn you.”
“[The sun] has been in our universe …”
“…for like millions and millions of years”
“In like another billion years, [the sun]
explodes.”
“[The sun] gives us plenty of heat.”
“[The sun] was made like that.”
“The sun is a planet.”
“[The sun] lights up the sky.’
“If [the stars] catch on fire because of the
sun then the day will be more lighter.”

All 11 children used KP-SN1 Sun can/cannot be seen in their sense making about why we
see stars in the sky at night and not during the day. For example, when asked why stars can be
seen in the night sky, Jeremiah used KP-SN1 Sun cannot be seen to make sense of this question.
He said, “There’s like no sun.” Ten children drew on KP-SN2 Sun is bright to make sense of why
the stars cannot be seen in the day sky. For example, Jacob explained, “The sun is a lot brighter
than the stars…which means that the stars get covered by the sun because the sun is too bright.”
Jacob uses KP-SN2 two times in this explanation. Once when he says, “the sun is a lot brighter
than the stars,” and again when he says, “the sun is too bright.”
While knowledge pieces SN1 through SN13 were evident in at least two children’s data,
the other pieces of knowledge within the Sun group (SN14-SN23) were unique to individual
children. For example, one child, Scarlett, used KP-SN20 Sun was made in her sense-making
about why the sun is bigger than the stars. Scarlett said, “Maybe just because [the sun] was made
like that.” Here, Scarlett is using KP-SN20 to construct an explanation—the sun is bigger than
the stars because the sun was made that way.
KPG2: Stars. Across the data, I identified 20 pieces of knowledge surrounding the KPG
of Stars. Of these 20 pieces, four were evident in six or more STIs, while seven were evident in
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only one child’s data. The remaining seven Star pieces were evident in at least two and no more
than five transcripts. Table 4.4 summarizes this data illustrating the 20 pieces of Star group
knowledge, the number of children identified as having used each piece, and examples from the
transcript data of phrases containing such knowledge pieces.
KP
Identifier
SR1.
SR2.
SR3.
SR4.

KPG2: Stars
# of
KP of Stars
Students
Stars can/cannot be seen
11
Stars are not all the
9
same
Stars are bright
9
9
Stars are always in sky

SR5.

Stars are distant

SR6.

Stars have color

SR7.

Stars look differently
from earth/space

SR8.

Stars give light

SR9.
SR10.

Stars surround/do not
surround celestial
objects
Stars are like/not like
other objects

SR11.

Stars move/don’t move

SR12.

Stars have/don’t have
fire

SR13.

There are lots of stars

SR14.
SR15.
SR16.
SR17.

Color can cover parts of
stars
Stars are dark
Stars don’t have rays
There are clusters of
stars

5
5
4
4
3
2
2
2
2
1
1
1
1

Examples from Data
“You also see stars.”
“Stars are all different sizes.”
“The stars are bright.”
“[The stars] are always going to be in
the sky.”
“There are a lot of stars that are
really, really far away.”
“Stars can be all sorts of colors.”
“On Earth it seems like the stars are
so tiny but in space they are pretty
big.”
“In the night, it’s so dark and only
light there is a little bit of the moon
and the stars.”
“The stars are all around the moon.”
“[Stars] are kind of like asteroids.
They’re just little lights.”
“The stars mostly stay in the same
spot.”
“The stars might catch on fire and if
they catch on fire there will be very,
very more light.”
“At night, you can see the stars
perfectly. There’s like tons of them.”
“The red covers some of [the star].”
“[The stars] are dark at night.”
“The stars don’t [have rays].”
“Sometimes there is clusters of
[stars].”
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SR18.
SR19.

Star temperature
changes

Stars are hot
Individual stars have
SR20.
precise locations
Table 4.4. Knowledge pieces in KPG Star.

1
1
1

“[The star] will get hot and then it
might get colder, then get hot again
and get colder.”
“The stars… are really hot that glow.”
“There was like this one big blue
[star] in the corner.”

All 11 children used KP-SR1 Stars can/cannot be seen in their sense-making around why
we see stars in the sky at night and not during the day. Nine children also used a related
knowledge piece—KP-SR4 Stars are always in the sky. For instance, Lane used KP-SR4 after I
asked him to elaborate further on his thinking about how the sun not being present in the night
sky allows the stars to be seen. He said, “The stars are still out at night, then you can see them.”
Lane also used KP-SR4 again in his drawing about why we cannot see stars in the day sky (see
Figure 1 below) created during his STI. He drew both the sun and the stars in his model of the
day sky.

Figure 4.1. Lane’s model of his thinking about why we cannot see stars in the day sky.
In four cases, children drew on KP-SR7 Stars look differently from Earth/space. For
example, when describing the celestial objects that can be seen in the day sky, Blaine said, “This
is how stars look for us, but they’re really just big giant round [pause] like some are even bigger
than our sun, times like 1000.” This particular excerpt illustrates that Blaine drew on the
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knowledge piece stars look differently to us, as observers on Earth, than they do in space (KPSR7) as he acknowledges that “some [stars] are even bigger than our sun, times like 1000.”
KPG3: Moon. Across the data, I identified 13 pieces of knowledge surrounding the KPG
of Moon. Of these 13 pieces, one was evident in six or more STIs, while seven were evident in
only one child’s data. The remaining five Moon pieces were evident in at least two and no more
than five transcripts. Table 4.5 summarizes this data illustrating the 13 pieces of Moon group
knowledge, the number of children identified as having used each piece, and examples from the
transcript data of phrases containing such knowledge pieces.
KP
Identifier
MN1.
MN2.
MN3.
MN4.
MN5.

KP of Moon
Moon can/cannot be
seen
Moon gives
light/brightness
Moon is bright/dark
Moon moves
Moon allows
objects to be seen

KPG3: Moon
# of
Examples from Data
Students
11
“I see the moon in the sky at night.”
5

“The moon gives off a little bit more glow.”

4
3
2

“The moon is really dark.”
“The moon it sort of gets closer to earth.”
“If there wasn’t any moon, then the whole
night would be completely dark, like you
couldn’t see anything, so that’s why we have
the moon.”
“Sometimes it’s a full moon and sometimes
it’s just like a half.”
“The moon darkens the night.”
“This is the moon with craters on it.”

Moon has different
2
shapes
MN7.
Moon darkens night
1
Moon has features
1
MN8.
that can be seen
MN9.
Moon is outdoors
1
MN10.
Moon is distant
1
MN11.
Moon has sides
1
Moon won’t burn
1
MN12.
stars
MN13.
Moon is cool
1
Table 4.5. Knowledge pieces in KPG Moon.
MN6.

“[The moon] is the one thing that’s outside.”
“The moon’s farther away from the sun.”
“The moon will turn to its black side.”
“I don’t think [the moon] will burn [the
stars].”
“The moon’s all cool.”

Knowledge pieces surrounding the celestial object of the moon oftentimes were used by
children to make sense of why we are able to see stars in the night sky. All 11 children used KP-
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MN1 Moon can/cannot be seen in their sense-making. In five cases, children drew on KP-MN2
Moon gives light/brightness. For example, Jeremiah said, “The moon I guess can make it a little
bit bright, but not bright enough to where we’re not able to see the stars.”
In two instances, I found evidence of children using KP-MN5 Moon allows objects to be
seen. In these two cases, the children used this knowledge piece differently. For example, one
child, Blaine, used this piece to describe how the moon helps earthly objects to be seen when he
said, “If there wasn’t any moon, then the whole night would be completely dark, like you
couldn’t see anything, so that’s why we have the moon.” A different child, Scarlett, used this
same piece to detail how the moon allows celestial objects to be seen (i.e. stars) when she said,
“The moon’s light reflects off of the stars and it kind of like come back, but the stars are also
bright. I think the moon just makes them brighter” (See Figure 2 below).

Figure 4.2. Scarlett’s model of how the moon allows the stars to be better seen.
KPG4: Earth. Across the data, I identified 11 pieces of knowledge surrounding the KPG
of Earth. Of these 11 pieces, four was evident in six or more STIs, while three were evident in
only one child. Table 4.6 summarizes this data illustrating the 11 pieces of Earth group
knowledge, the number of children identified as having used each piece, and examples from the
transcript data of phrases containing such knowledge pieces.
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KP
Identifier

KP of Earth

E1.

Earth has day/night

E2.

Earth faces celestial
objects

E3.

Sky has
brightness/darkness

E4.

Earth has sides

E6.
E7.

Earth moves/ does not
move
Sky has color
Earth is tilted

E8.

Earth has an axis

E9.

Earth is big

E5.

E10.

KPG4: Earth
# of
Examples from Data
Students
11
“If it was like daytime on the other side
of the world, it would be nighttime here.”
8
“In the earth’s rotation, the sun is like on
another side and [the Earth] is facing the
moon.”
8
“It’s really bright outside.”
7
5
5
2
2
1

Earth is a sphere
1
Earth is part of a
1
E11.
universe
Table 4.6. Knowledge pieces for Earth Group.

“The sun and the moon are on different
sides of the earth at different times.”
“Earth like spins around.”/ “[Earth] stays
in the same spot.”
“It does not have to be blue all the time.”
“The Earth is on like a…tilt.”
“The earth is on an axis at a weird
angle.”
“The sun is just like 10 times bigger than
the Earth.”
“The earth is…in a sphere shape.”
“There are a lot of stars in our universe.”

All 11 children used KP-E1 Earth has day/night in their sense-making. For example,
Simon used KP-E1 in his drawing demonstrating why stars can only be seen at night when he
labeled one side day “Night” and the other side “Day”. The second Earth group knowledge piece
evident within Simon’s model includes KP-E3 Sky has brightness/darkness. I see evidence of
Simon having used this knowledge when he drew the moon and stars dark (i.e. black) and the
sun bright (i.e. yellow). He further describes this part of his model during his STI when he says,
“When it’s dark you can see [the stars] better, but since it’s like light out you can’t and blue you
can’t see them as much.” The third knowledge piece that was evident in Simon’s description of
his model was KP-E2 Earth faces celestial objects. His model illustrates this piece of knowledge
as he drew earth facing the sun and stars and earth facing the moon and stars. Lastly, Simon used
the piece KP-E4 Earth has sides when he divided Earth into two sides—a left and a right side.
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He drew an observer on the right side that is experiencing day. I see evidence of this knowledge
piece again during Simon’s STI when he described his model by saying, “The sun is on one side
of the world and the moon’s on the other side.”

Figure 4.3. Simon’s model of his thinking about why we see stars only at night.
KPG5: Practice. Across the data, I identified 11 pieces of knowledge surrounding the
KPG of Practice. Of these 11 pieces, five were evident in 6 or more STIs, while four were
evident in only one child’s data. Table 4.7 summarizes this data illustrating the 11 pieces of
Practice group knowledge, the number of children identified as having used each piece, and
examples from the transcript data of phrases containing such knowledge pieces.
KP
Identifier
PR1.
PR2.
PR3.
PR4.
PR5.
PR6.

KPG5: Practice
# of
KP of Practice
Examples from Data
Students
The natural world can
11
“The sun you can see it’s bigger and it’s
be observed
brighter than all of them.”
Objects in the natural
11
“I like to draw little circles on the moon
world can be modeled
to represent craters.”
Conditions determine
10
“Sometimes on like a good night you will
what can be observed
be able see the sun as well.”
Questions can be asked
7
“Will we be travelling to mars soon?”
Models can be used in
6
“But if there wasn’t any moon then the
sense making
whole night would become completely
dark.”
Variables can be
3
“It moves, like inches by inches.”
measured
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PR7.
PR8.
PR9.
PR10.

Patterns exist/do not
exist in the natural
world
Observations of the
natural world are
cool/boring
Observations can be
evidence

3

“Then it really does the same thing over
and over.”

1

Observations can be
remembered

1

“I can stare at the moon sometimes, but if
you just stare for a long time it gets kind
of boring.”
“You can tell because you don’t see the
stars and I can see like little black
outlines.”
“If you look up at the sun and then you
look around you can, if you remember it,
you can almost see a little bit of red.”
“[The stars] are hot, like how hot coals
they’re like red around it.”

1

PR11.

Familiar phenomenon
1
can be used in sense
making
Table 4.7. Knowledge pieces for Practice Group.

While other KPGs show students’ knowledge connected to science concepts, like the sun
is a star, stars are distant, the moon changes shape, or earth moves, the Practice group is unique
as it shows that children also have knowledge connected to the practices of science that they use
to reason about and make sense of the natural world.
Across this Practice group, a range of knowledge pieces tied to the practice of making
observations were evident in children’s STIs. All 11 children used KP-PR1 the natural world
can be observed in their sense-making. I see evidence of this knowledge piece in Lauren’s STI as
she describes her night sky drawing, “Sometimes people like to lay outside and watch the sky
and you can see stars.”
Ten children used KP-PR3 Conditions determine what can be observed in their sense
making about why stars can only be seen at night. These conditions include time, distance, light,
and size. For example, Drake used the condition of time in his description of his day sky
drawing, “That’s a sun and then most of the time there’s clouds in the sky and that’s the moon,
well you can sometimes see the moon in the sky.” When Drake says, “most of the time” and
“sometimes” he is describing how time can impact what he sees in the natural world. Another
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student, Joanna, uses her knowledge of the condition of light to make sense of why stars cannot
be seen in the day sky when she says, “On Earth, you can’t see [the stars] because there’s too
much light shining on us.” When she says “there’s too much light” she is describing a condition
that impacts what she can see in the day sky.
While PR1 through PR7 were evident in at least three children’s data, the other pieces of
knowledge within the Practice group (PR8-PR11) were unique to individual children. Three of
these pieces (PR8, PR9, PR10) demonstrate the range of ways the focus students used their
knowledge of the practice—making observations—in their sense making about why stars can
only be seen at night.
RQ1 Result #3: While less common, children drew on knowledge pieces in other broad
categories (KPGs 6-13) in their sense-making process. These pieces commonly revealed
uniqueness among the 11 children’s thinking.
Looking across the data presented Table 4.2, note that KPGs 6-13 account for 34% (40 of
118) of the knowledge piece types identified across the 11 STIs. Further, of these 40 pieces, 70%
(28 of 40) were unique to an individual child. KPGs 6-13 include pieces of knowledge associated
with: (6) People, (7) Non-Celestial Objects, (8) Matter, (9) Light, (10) Brightness, (11) Hotness,
(12) Knowledge, and (13) Darkness. Next, I provide more detail of the data informing this RQ1
result 3 by presenting a more nuanced look at the data.
Zooming in on RQ1 Result 3. In the following paragraphs, I provide a detailed overview
of each KPG 6-13, including the knowledge pieces identified, the number of children identified
as having used each piece, and examples from the transcript data of phrases identified as
containing a few selected knowledge pieces. Note that my purpose here is to provide a sense of
the STI data without tiring the reader with long descriptions of every knowledge piece in each
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KPG. I therefore have selected only a few knowledge pieces within each KPG of which to
provide an example. Following each KPG overview, I provide selected illustrative examples
from the STI data (i.e. transcripts and student drawings) to further highlight the nuances evident
within each KPG.
KPG6: People. Across the data, I identified seven pieces of knowledge surrounding the
KPG of People. Of these seven pieces, five were evident in only one child’s data, one was
evident in two children’s data, and one was evident in five children’s data. Table 4.8 summarizes
this data illustrating the seven pieces of People group knowledge, the number of children
identified as having used each piece, and examples from the transcript data of phrases containing
such knowledge pieces.
KP
Identifier

KP of People

PP1.

People have missing
knowledge

PP2.

People experience
the natural world

PP3.

People exist on earth

PP4.

People sleep

KPG6: People
# of
Students
5
2
1
1

People need sun to
1
survive
People’s vision can
1
PP6.
vary
Celestial objects are
1
PP7.
like people
Table 4.8. Knowledge pieces for People Group.
PP5.

Examples from Data
“I’m not really sure.”

“Me and my mom lay outside and watch
the stars and we see some of them by the
moon.”
“[People] are on Earth.”
“Because at night, it’s when people go to
sleep.”
“If we didn’t have the sun, we would all
die.”
“I mean, if your, if you have really good
vision then you can seen the clouds.”
“[The stars] sleep wherever the moon
sleeps.”

Across the data, the most frequent knowledge piece of this group was KP-PP1 People
have missing knowledge. This piece of knowledge was evident in five children’s STIs and
captures children’s understanding that they, themselves, or other people have missing
knowledge. For instance, in Scarlett’s STI she had the idea that the sun is brighter than the stars
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because it has a lot more things in it. I asked her to elaborate further on this idea by asking,
“What types of things do you think the sun has in it that makes it brighter?” Scarlett responded
by saying, “I’m not really sure.” This illustrates a missing piece of knowledge in Scarlett’s
explanation about why we cannot see the stars in the day sky.
KP-PP2 People experience the natural world was found in two children’s interviews
about why we see stars only at night. One child, Lauren, drew on this knowledge piece three
separate times during her STI. First, this piece emerged when I asked her to describe her night
sky drawing. She said, “Sometimes people like to lay outside on a like a blanket or something
and watch the sky.” Later she describes her own experience of observing the stars in the night
sky when she says, “Me and my mom lay outside and watch the stars and we see some of them
by the moon.” She continues by saying, “Once we went out of town and we sat there and
watched the stars. I don’t think it ever did it again, but the stars started turning grey because
[they] were around the moon.” She elaborated on this experience further as she drew a picture to
help me better understand what she observed with her mom (See Figure 4.4 below). Of the 11
STIs conducted, Lauren was the only child who drew on her own experiences of observing the
sky to make sense of the big idea question.

Figure 4.4. Lauren’s model of her experience of observing the night sky.
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KPG7: Non-Celestial Objects. Across the data, I identified six pieces of knowledge
surrounding the KPG of Non-Celestial Objects. Of these six pieces, two were evident in only one
child’s data, one was evident in five children’s data, and two were evident in 6 or more STIs.
Table 4.9 summarizes this data illustrating the six pieces of Non-Celestial Object group
knowledge, the number of children identified as having used each piece, and examples from the
transcript data of phrases containing such knowledge pieces.
KPG7: Non-Celestial Objects
KP of Non-Celestial
# of
Examples from Data
Objects
Students
11
“Clouds, you see a bunch of
NCO1.
Clouds can be seen
them.”
Other non-celestial objects
9
“I rarely sometimes see a bat.”
NCO2.
can be seen
Clouds prevent celestial
5
“Most of the time, unless the
NCO3.
objects from being seen
clouds are covering it.”
2
“If the clouds are black and
NCO4.
Clouds have color
everything”
NCO5.
Clouds can rain
1
“Sometimes [clouds] rain.”
1
“[The stars] are not like where
NCO6.
Clouds are not with stars
the clouds are. “
Table 4.9. Knowledge pieces for Non-Celestial Objects Group.
KP
Identifier

Across the STI data, all 11 children used KP-NCO1 Clouds can be seen in their sensemaking about why stars can only be seen at night. While other non-celestial objects, like birds,
planes, etc., were collapsed into a single knowledge piece (KP-NCO2), knowledge pieces of
clouds remained expanded as this non-celestial object helped children to reason about and make
sense of why stars and other celestial objects cannot be seen in the sky.
In five cases, children used KP-NCO3 Clouds prevent celestial objects from being seen.
For instance, Drake acknowledged the sun can be seen in the day sky, “Most of the time, unless
the clouds are covering it.” In Blaine’s STI, he described how clouds prevent the stars from
being seen in the night sky when he says, “I sometimes see clouds. You can tell because you
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don’t see the stars and I can see like little black outlines.” Similarly, Scarlett explains,
“Sometimes the clouds even cover the stars, but they’re always in the sky you just can’t see
them.”
KPG8: Matter. Across the data, I identified six pieces of knowledge surrounding the
KPG of Matter. Of these six pieces, five were evident in only one child’s data and one was
evident in three children’s data. Table 4.10 summarizes this data illustrating the six pieces of
Matter group knowledge, the number of children identified as having used each piece, and
examples from the transcript data of phrases containing such knowledge pieces.
KP
Identifier

KP of Matter

KPG8: Matter
# of
Examples from Data
Students
“The lava and fire it’s bright normally.”
3

MR2.

Burning matter is
bright/light
Matter burns

MR3.

Matter moves

1

MR4.

Matter combines

1

MR5.

Matter changes
temperature

1

MR6.

Matter has color

1

MR1.

1

Table 4.10. Knowledge pieces for Matter Group.

“The sun is just like burning lava.”
“[The fire] is so hot that it turns red and then
it goes down and goes back up and then goes
back down and goes back up.”
“[Fire and lava] combined together it makes
it super bright.”
“The fire makes it get hot and then
sometimes it cools down and then it gets hot
again and then it cools down.”
“It’s red because it’s lava and lava’s always
red.”

The Matter group knowledge was most frequent in Robin’s sense-making about why stars
can only be seen at night. Five knowledge pieces of matter were evident in her STI, including:
(1) KP-MR1 Burning matter is bright/light , (2) KP-MR3 Matter moves, (3) KP-MR4 Matter
combines, (4) KP-MR5 Matter changes temperature, and (5) KP-MR 6 Matter has color. Robin
was the only child who used Matter group knowledge MR3, MR4, MR5, and MR6 across the 11
STIs; however, she used these unique Matter group knowledge pieces multiple times throughout
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her explanation of the big idea question. For example, she drew on KP-MR3 matter moves during
12 separate instances and KP-MR5 matter changes temperature during three separate instances. I
see evidence of these two knowledge pieces in the following excerpt where Robin is describing
the behavior of matter (i.e. fire, lava, burning gas) in stars. The Matter group knowledge piece
MR3 is identified in red, whereas MR5 is identified in blue.
Robin:

The stars they’re just, it’s so hot that it just turns red and then it goes
down and goes back up and then goes back down and goes back up.

Researcher:

What goes down and back up? That’s interesting.

Robin:

The fire, the hotness of it, it makes it get hot and then sometimes it cools
down and then it gets hot again and then it cools down.

Researcher:

Are you talking about on the sun?

Robin:

On the stars.

Throughout her STI, Robin was very focused on how the matter within the sun and stars
causes these celestial objects to be bright. In Figure 4.5 below, Robin illustrates the movement of
matter within the sun with her expressive red lines moving within the sun and also jumping off
the surface of the sun and coming back.

Figure 4.5. Robin’s model of matter moving on the sun.
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KPG9: Light. Across the data, I identified five pieces of knowledge surrounding the KPG
of Light. Of these 5 pieces, four were evident in only one child’s data and one was evident in six
children’s data. Table 4.11 summarizes this data illustrating the five pieces of Light group
knowledge, the number of children identified as having used each piece, and examples from the
transcript data of phrases containing such knowledge pieces.
KP
Identifier

KP of Light

KPG9: Light
# of
Students

L1.

Light covers/does not
cover other light

L2.

Light has power

1

L3.

Light reflects

1

L4.

Light travels

1

L5.

Light covers objects

1

Table 4.11. Knowledge pieces for Light Group.

6

Examples from Data
“[The sun’s light] blocks out the
stars.”
“[Moonlight] is not as powerful as
the sun’s rays.”
“The moon’s light reflects off of
the stars.”
“[The moon’s light] kind of comes
back.”
“The sun has to cover the whole
world.”

One student, Joanna, had evidence of KP-L1 light covers other light at seven instances
across her STI. The first time occurred when she was initially asked the big idea question. She
responded by saying, “You can’t see [the stars] cause the sun blocks out the light. It has too
much light and you can’t see the stars anymore.” Joanna used KP-L1 light covers other light to
explain that the sun’s light can block out the starlight. The L1 knowledge piece emerged again
when Joanna further explained this idea. She said, “Stars are like little flashlights and the sun is
like one of these lights [overhead fluorescent lights] and that would take over all of that. There’s
like too much light and it would like cover all those lights up.”
Later in her STI when she is considering why the sun not being present in the night sky
allows the stars to be seen, she explains, “Because the sun’s light is not [there] blocking it out
and there isn’t like another sun there blocking it out.” This explanation illustrates that the
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absence of the sun’s light allows the star’s light to be seen—KP-L1 Light does not cover other
light. Figure 4.6 illustrates Joanna’s model of the night sky when the sun is not present to block
out the stars’ light.

Figure 4.6: Joanna’s model of the night sky.
Another student, Blaine, draws on the knowledge piece KP-L3 Light has power to
explain why stars can be seen in the sky at night. He says, “The moon gives off a little bit more
glow, but not as powerful as the sun’s rays.” In this portion of Blaine’s explanation, he is
comparing the power of the sun and moon’s light. He acknowledges that the moon’s light is less
power than sunlight. He uses this piece of knowledge to assemble an explanation about why stars
can be seen in the night sky but not during the day.
KPG10: Brightness. Across the data, I identified five pieces of knowledge surrounding
the KPG of Brightness. All five were evident in only one child’s data. Table 4.12 summarizes
this data illustrating the five pieces of Brightness group knowledge, the number of children
identified as having used each piece, and examples from the transcript data of phrases containing
such knowledge pieces.

100

KPG10: Brightness
KP
# of
KP of Brightness
Examples from Data
Identifier
Students
Closer means
“When [the sun] rotates sometimes it can get
B1.
1
brighter
closer and more brighter.”
“The blue would probably make it bright
Certain color
B2.
1
also, so you can’t see anything you would be
causes brightness
able to see during nighttime.”
“The sun is more of a bigger massive space
Bigger means
B3.
1
that it has more brightness that develops in
brighter
it.”
Bright objects
“The brightness of the stars makes it brighter
B4.
1
provide light
for you to see the stars better.”
“[The moon’s brightness] shines onto the
Brightness shines
B5.
1
stars and it kind of, I think it might reflect
on stars
off of the stars.”
Table 4.12 Knowledge pieces for Brightness Group.
Simon used KP-B2 Closer means brighter in his STI to further explain why he thought
the sun was too bright. He said, “Because when it rotates sometimes it can get closer and more
brighter.” In this explanation, Simon is considering how the distance of an object from an
observer can impact the object’s brightness. In this case, it is the distance of the sun from an
observer on Earth. Simon thinks the closer the sun is to Earth the brighter it gets.
The KP-B4 Bigger means brighter was evident in Jacob’s explanation about why he
thinks the sun is so much brighter than the other stars in the sky. He said, “Probably because the
sun is more of a bigger massive space that it has more brightness that develops in it.” In this
explanation, Jacob is considering how the size of an object can impact the object’s brightness.
He thinks the sun is bigger than the stars; therefore, it is brighter because it has more space for
the brightness to develop.
KPG11: Hotness. Across the data, I identified four pieces of knowledge surrounding the
KPG of Hotness. All four of these pieces were evident in only one child’s data. Table 4.13
summarizes this data illustrating the four pieces of Hotness group knowledge, the number of
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children identified as having used each piece, and examples from the transcript data of phrases
containing such knowledge pieces.
KP
Identifier
H1.
H2.
H3.
H4.

KP of Hotness
Fire causes
hotness
Hotness makes
color
Heat surrounds
objects
Hot cells provide
brightness

KPG11: Hotness
# of
Examples from Data
Students
“The fire, the hotness of it, it makes it get
1
hot.”
“If it’s really hot fire then the top is
1
sometimes orange.”
“And then heat all around [the sun].”
1
1

Table 4.13. Knowledge pieces for Hotness Group.

“I’m guessing there’s like little clusters of
these hot cells maybe that provide the
brightness.”

Three of the unique Hotness group knowledge were evident in Robin’s STI data,
including (1) KP-H1 Fire causes hotness, (2) KP-H2 Hotness makes color, and (3) KP-H3 Heat
surrounds objects. Robin used KP-H1 Fire causes hotness in her sense-making when she said,
“The fire, the hotness of it, it makes it get hot.” KP-H2 Hotness makes color is evident in
Robin’s statement, “The stars they’re just, it’s so hot that it just turns red.” She uses KP-H3 Heat
surrounds objects once as she describes her sun drawing, “I think that’s lava and then heat all
around it.” She draws on this piece of knowledge again in her drawing of the stars (See Figure
4.7 below).

Figure 4.7. Robin’s drawing of heat all around the stars.
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Jacob used KP-H4 Hot cells provide brightness from the Hotness group knowledge when
he said, “there’s like little clusters of these hot cells maybe that provide the brightness”. I see
evidence of these hot cells in his drawing of the sun in Figure 4.8. He represents the “hot cells”
in the sun by drawing smaller circles inside the sun. The red arrows on Jacob’s drawing below
identify the 4 hot cells he modeled in his picture of the sun.

Figure 4.8. Jacob’s drawing of the sun’s hot cells that provide brightness.
KPG12: Knowledge. Across the data, I identified four pieces of knowledge surrounding
the KPG of Knowledge. Of these four pieces, three were evident in two children’s data and one
was evident in four children’s data. Table 4.14 summarizes this data illustrating the four pieces
of Knowledge group knowledge, the number of children identified as having used each piece,
and examples from the transcript data of phrases containing such knowledge pieces.
KPG12: Knowledge
KP
# of
KP of Knowledge
Examples from Data
Identifier
Students
Knowledge can be
4
“I can tell you that the sun is brighter
K1.
communicated
than like anything.”
2
“I learned that when the solar eclipse
Knowledge can be
K2.
the moon’s farther away from the sun
obtained
that’s how you can see it.”
2
“I mean everyone always says that and
Knowledge can be
K3.
I believe it.”
believed/not believed
Knowledge can be
2
“A lot of people think of the moon as
K4.
right/wrong
cheese, but no.”
Table 4.14. Knowledge pieces for Knowledge Group.
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Across the STI data, children talked about scientific knowledge in four unique ways.
Knowledge can be (1) Communicated, (2) Obtained, (3) Believed or not believed, or (4) Right or
wrong. Four children used KP-K1 Knowledge can be communicated in their sense-making about
why stars can be seen in the sky at night, but not during the day; While these children shared a
common piece of knowledge, they drew on this piece of knowledge in 3 unique ways: (1)
Knowledge can be communicated through text, (2) Knowledge can be communicated by other
people, and (3) I, myself, can communicate knowledge.
One child, Lauren, drew on the KP-K1 Knowledge can be communicated (through text) at
6 different instances throughout her STI. For example, when asked to elaborate further on her
thinking about why the sun is so light, Lauren explained by saying, “I’ve read stuff about the sun
and it says the sun’s on fire.” Here, Lauren is using her KP-K1 to explain knowledge about the
sun was communicated with her through various texts. Lauren contrasts her thinking about the
sun by saying; “I’ve read a couple books about the sun and the moon. They think the moon’s just
not on fire.” Lauren points out that she has read books about celestial objects, like the sun and
the moon, and they have communicated knowledge, like the moon is not on fire. Finally, Lauren
drew on KP-K1 again when asked to elaborate on her thinking about why she thinks the sun has
to go to sleep. In responding to this question, Lauren said, “I read a kids book about it.” She is
using KP-K1 to support her thinking. In all 3 of these examples, Lauren is drawing on KP-K1,
specifically, knowledge can be communicated through books.
In contrast, another child, Joanna, uses KP-K1 to illustrate how knowledge can be
communicated from other people. For example, when asked why she thinks the stars are always
in the sky, Joanna comments, “I mean everyone always says that.” Here, Joanna is using her KPK1 to illustrate how she as gained knowledge through communicating with others. Jeremiah
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draws on KP-K1 in a slightly different way as his use demonstrates his understanding that he can
communicate his own knowledge to others. For example, Jeremiah uses KP-K1 in his sensemaking about why we see stars only at night when he says, “I can tell you that the sun is brighter
than like anything.” Simon used KP-K1 in his sense-making in a similar way as Jeremiah when
he says, “I was going to say because the stars are bright.” In this statement, Simon is
communicating knowledge he is using to make sense of why stars can be seen in the sky at night.
KPG13: Darkness. Across the data, I identified 3three pieces of knowledge surrounding
the KPG of Darkness. All three were evident in only one child’s data. Table 4.15 summarizes
this data illustrating the three pieces of Darkness group knowledge, the number of children
identified as having used each piece, and examples from the transcript data of phrases containing
such knowledge pieces.
KPG13: Darkness
# of
KP Identifier
KP of Darkness
Examples from Data
Students
“You can see [the stars] better in the
D1.
Darkness exists
1
darkness.”
Darkness covers
“The darkness is coving [the stars].”
D2.
1
stars
D3.
Space is darkness
1
“In space, [the sun] is in the darkness.”
Table 4.15. Knowledge pieces for Darkness Group.
The knowledge pieces found in the darkness group were evident in two children’s STIs.
Lane used KP-D2 Darkness covers stars in his sense-making, while Joanna used KP-D1
Darkness exists and KP-D3 Space is darkness. Lane drew on KP-D2 Darkness covers stars to
explain why we see stars in the night sky. He said, “The darkness is covering [the stars] so it
makes them so you can see them.” He further detailed this piece of knowledge in his model of
the night sky (See Figure 4.9 below).
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Figure 4.9. Lane’s model of darkness covering the stars.
Joanna drew on the related pieces of knowledge KP-D1 Darkness exists and KP-D3
Space is darkness in her STI. For example, Joanna first used KP-D1 when asked to elaborate on
her thinking about why the sun is able to cover the stars. In responding to this question, she
explained, “Because [the stars] have little light and you can see them better in the darkness.”
Here, Joanna is using KP-D1 to acknowledge darkness exists. In this case, the darkness exists on
Earth where she is observing the stars. Later in her sense-making about how the sun could also
stand out in darkness like the stars, Joanna uses KP-D3 by saying, “In space, [the sun] is in the
darkness.” KP-D3 extends Joanna’s use of darkness in her sense-making from Earth (KP-D1) to
space (KP-D3).
RQ1 Results Summary.
As the presentation of the results thus far indicate, the analysis of the student thinking
interview data revealed 3 main findings: (1) children draw on a range of knowledge pieces, some
similar and others unique, grouped around 13 areas (referred to as Knowledge Piece Groups, or
KPGs, in the presentation of the results below) when reasoning about why we can see the stars at
night and not during the day; (2) of the 13 KPGs, children drew on knowledge representing 5 of
the groups most often, and (3) while less common, children drew on knowledge representing
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eight other KPGs in their sense-making process, and these pieces commonly revealed uniqueness
among the 11 children’s thinking.

Results Addressing (RQ2): How Do Children Assemble their Knowledge Pieces to Form
Coherent Explanations about Why Stars Can Only Be Seen in the Sky at Night?
An analysis of the explanatory statement data in the STI’s revealed 3 main findings: (1)
children constructed a range of explanatory statements, some similar and others unique, grouped
around eight areas when reasoning about why we can see stars only at night; (2) of the eight
areas, children constructed explanatory statements that included the KPG of practice most often;
and, (3) while less common, children also constructed explanatory statements without pieces of
knowledge of practice in their sense-making process.
RQ2 Result #1: Children construct a range of explanatory statements, some similar and others
unique, grouped around eight areas when reasoning about why we can see stars only at night.
Recall, my analytical process involved examining the explanatory statements to identify
which KPGs were primarily evident and characterizing those statements accordingly. In total,
eight KPG pattern types were seen across the explanatory statements evident in the 11 student
thinking interviews (STIs), including: (1) Star—Practice, (2) Sun—Star—Practice, (3) Sun—
Earth—Practice, (4) Star—Earth—Practice, (5) Matter—Practice, (6) Light—Practice, (7) Sun—
Star, (8) Sun—Star—Earth. Of the 13 KPGs evident in the transcript data (see results for RQ1),
only six were prominent across these eight pattern types evident in the explanations. Knowledge
pieces from the KPG Practice were present in six of the pattern types. Knowledge pieces from
the KPG Stars were present in five of the pattern types. Knowledge pieces from the KPG Sun
were present in four of the pattern types. Knowledge pieces from the KPG Earth were present in
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two of the pattern types. And knowledge pieces from the KPG Matter and the KPG Light were
present in only one pattern type each. Table 4.16 shows each KPG pattern type, the number of
students whose explanatory statements were characterized as such, and an example from the data
illustrating the explanation type.
KPG Pattern Type
1.

Star—Practice

# of
Students
3

2.

Sun—Star—Practice

2

3.

Sun—Earth—Practice

1

4.

Star—Earth—Practice

1

5.

Matter—Practice

1

6.

Light—Practice

1

Example
“I can see lots of stars at night. Some twinkle a lot
and look really bright and other stars look really
dim. I think the bright stars are really big. But you
can’t really see the stars during the day, probably
because there’s too much light outside.”
“I think I can show you why we can’t see stars
during the day. Look, on this side of my picture, it
is day. And I drew the sun really, really bright.
Like when you look at the sun during the day, it is
so bright. And over here on this side of my picture,
it is night and here are a bunch of stars. They are
bright too, but not as bright as the sun. So during
the day you can’t see them, but at night you can.”
“On one side of the Earth when it is night and in
the sky there is darkness, the other side of the
Earth is day and in the sky there is brightness.
Then the Earth moves and it switches so the side
that was having night will have day, and the side
that had day will have night. And it keeps moving
and switching sides, day to night, night to day. In
the dark night sky we usually can see stars, unless
it is raining or there are lots of clouds. And then in
the bright sky during the day we can’t see stars.”
“Let me draw why that is. See the sun is very far
away from us, and it moves around in space, sort
of like the Earth does. So when the sun is here and
the Earth is here, the sky will be dark, so we will
be able to see the stars. But when the sun is here
and the Earth is here, the sky is light so we cannot
see the stars.”
“Sometimes I can see stars and sometimes I can’t.
Let me explain, in my picture, like here, it is really
cloudy so it is hard to see any stars. But here it’s
not cloudy, so you can see stars.”
“Pretend my hand is the sun, which has lots of
light. And my fingers on my other hand are stars
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which also have light. Now watch, my sun hand
covers my star fingers. The sun’s light covers the
stars’ light so we can’t see it.”
7.
Sun—Star
1
“During the day, stars cannot be seen because of
the sun’s light. But at night, we can see the stars
because the sun’s light is gone.”
8.
Sun—Star—Earth
1
“I think it is because the sun is so bright that we
can’t see stars. Stars are bright too, but not as
bright as the sun. But during the night it is dark so
we can see stars. Not in the bright day sky though,
it is too hard to see them.”
Table 4.16. KPG pattern types seen across the explanatory statements.

RQ2 Result #2: Of the eight areas (KPG pattern types), children constructed explanatory
statements that included the KPG practice most often.
In total, nine of the 11 students constructed explanatory statements containing knowledge
pieces of practice. Specifically, across the nine students, KP PR1—The natural world can be
observed was evident in five explanatory statements; KP PR2—Objects in the natural world can
be modeled was evident in six explanatory statements; KP PR3—Conditions determine what can
be observed was evident in five explanatory statements; and KP PR7—Patterns exist in the
natural world was evident in one explanatory statement. Below I provide three illustrative cases
of explanatory statements identified as either Star-Practice or Sun-Star-Practice explanations.
Then I summarize the KPG pattern types of the other six students’ practice-based explanations.
Lauren’s Star—Practice Explanation. Across Lauren’s student thinking interview, 207
instances of knowledge pieces were identified categorized as 39 knowledge piece types falling
into nine KPGs. Table 4.17 below provides a summary of Lauren’s STI data.
Knowledge
Piece Identifier
SN1
SN4

Summary of Lauren’s STI Data
# of
Knowledge Piece
Instances
Sun can/cannot be seen
3
Sun has light
6

Examples from Data
“You can see the sun.”
“The sun’s too light.”
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SN5
SN8
SN15
SN23

SR1
SR4
SR6
SR9
SR11
SR12

Sun moves/does not move
Sun is like other objects
Sun burns objects
Sun causes fire

Stars can/cannot be seen
Stars are in sky
Stars have color
Stars surround/do not
surround celestial objects
Stars move/don’t move
Stars have/don’t have fire

1
1
2
1

11
4
2
13
17
5

SR15
SR13

Stars are dark
There are lots of stars

1
1

MN1
MN2

Moon can/cannot be seen

4
1

MN3
MN4

Moon is bright

MN6
MN7
MN12
MN13
E1

Moon gives light
Moon moves
Moon has different shapes
Moon darkens night
Moon won’t burn stars
Moon is cool

2
2
2
1
2
3

“It will be harder to see the
stars.”
“[The stars] are in the sky.”
“The stars started turning
grey.”
“The stars are all around the
moon.”
“Sometimes stars can move.”
“[The stars] won’t catch on
fire.”
“[The stars] are dark.”
“There’s like tons of [stars].”
“You can see the moon.”
“[The moon] is not that
light.”
“The moon’s not too bright.”
“The moon moves away from
the stars.”
“Sometimes it’s a full moon
and sometimes it’s just like a
half.”
“The moon darkens the
night.”
“I don’t think [the moon] will
burn [the stars].”
“The moon’s all cool.”

E3

Sky has brightness/darkness

13

“The sun’s always shining in
the day.”
“The sky’s a little bit darker.”

PR1

The natural world can be
observed

16

“People watch the sky.”

Earth has day/night

13

“[The sun] goes behind the
clouds.”
“The sun’s like fire.”
“If you touch [the sun], it will
burn you.”
“[The stars] catch on fire
because of the sun.”
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PR2
PR3
PR4
PR5
PR7
PR8

PP2
PP4
PP7
NCO1
NCO2
NCO3
MR1

K1

Objects in the natural world
can be modeled
Conditions determine what
can be observed
Questions can be asked
Models can be used in sense
making

12
19
3
10

Patterns exist/do not exist in
the natural world
Observations of the natural
world can be cool/boring

1

People experience the natural
world
People sleep
Celestial objects are like
people

3

Clouds can be seen
Other non-celestial objects
can be seen
Clouds prevent celestial
objects from being seen
Burning matter is bright/light

Knowledge can be
communicated
TOTAL:

2

“I’m going to draw a picture
of the stars being with the
sun.”
“If there’s too much light,
like right now.”
“What do you mean?”
“If [the stars] come out with
the sun, maybe the sun will
burn the stars.”
“I don’t think it ever did it
again.”
“If you just stare for a long
time it gets kind of boring.”

2
15

“We sat there and watched
the stars.”
“People go to sleep.”
“The sun has to go to sleep”

2
3

“You can see clouds.”
“You can see birds.”

1

“[The sun] goes behind the
clouds.”

1

“If [the stars] catch on fire
there will be very, very more
light.”

6

“I’ve read stuff about the
sun.”

207

Table 4.17. Lauren’s Knowledge Pieces with Most Used Knowledge Pieces Identified.
Looking across Lauren’s data, I expected Lauren’s explanatory statements would contain
knowledge pieces from her most used knowledge piece types. These types are highlighted in the
table above and include: (1) KP SR11 Stars move/don’t move; (2) KP PR1 The natural world can
be observed; (3) KP PR3 Conditions determine what can be observed; (4) KP PR7 Patterns
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exist/do not exist in the natural world; and, (5) KP PP7 Celestial objects are like people. As
such, I hypothesized that Lauren’s explanation to the big idea question would combine these
pieces in some way. I recognize that not every explanatory statement in Lauren’s data will
contain all of these most used knowledge piece types. However, it is reasonable to expect to see
a combination of some of these pieces within Lauren’s explanatory statements. An analysis of
her STI data (her words and her drawing) reveals she did draw on these KPGs, but not always.
For example, KP SR11—Stars move/do not move was evident in Lauren’s model (i.e. drawing) of
why we can only see stars in the sky at night (Figure 4.10). Lauren wrote on her model that
“stars move up” in the day sky and “stars move with the moon” in the night sky.

Figure 4.10. Lauren’s Model of Why We See Stars Only at Night.
There is evidence of these knowledge piece types in what she states as well. For example,
Lauren initially responded to the question “Why do you think we’re able to see the stars in the
sky at night but not during the day?” by stating:
Because usually they, in the sun it will be probably harder to see the stars because
it’s probably going to be too light. And at night you can see the stars perfectly.
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There’s like tons of them. Like, uh, when we went into that thing. Cause it was
dark in there we could see them. If it was light, we could barely even see them.
In this response, there are five knowledge piece types represented (Figure 4.11), one of
which is among her most used knowledge pieces (KP PR3 Conditions determine what
can be observed).

PR3.
In the
sun,

PR2.
Like when
we went
into that
thing.
Figure

SR1.
it will be
probably
harder to
see the
stars

PR3.
Cause it
was dark
in there

PR3.
because
it's
probably
going to
be too
light.

SR1.
we could
see them.

SR1.
you can
see the
stars
perfectly
.

E1.
And at
night

PR3.
If it was
light,

SR13.
There's
like tons
of them.

SR1.
we could
barely
even see
them.

4.11. Lauren’s knowledge pieces in her initial explanation.
In this explanatory statement, Lauren uses the KP PR3—Conditions determine what can

be observed as she reasons about why we see stars only at night. KP PR3 is evident when she
describes conditions in which you can and cannot see stars, like “in the sun”, “it’s probably
going to be too light”, “cause it was dark in there” and “if it was light.” In each of these
instances, Lauren is considering how the condition of darkness and lightness impacts her ability
to see the stars. Lauren’s other most used knowledge pieces are not evident in this initial
explanatory statement, but they are evident (as is more instances of KP PR3) later as the
interview unfolds.

113

For example, when she was asked to explain her model of her thinking about why stars
can be seen in the night sky Lauren said: “the stars are all around the moon. And sometimes they
can be in the sky too. Sometimes they just surround the moon. Sometimes they’re not just
surrounded by the moon. Sometimes they’re just in the sky.” Lauren again uses KP PR3—
Conditions determine what can be observed evidenced by her use of the word “sometimes” as
she is describing how the condition of time impacts where stars can be seen (i.e. surrounding the
moon or just in the sky).
Then later the same knowledge piece evident in her model (KP SR11 Stars move/do not
move) is evident in her response when she explained her model of why stars cannot be seen in
the day sky. She said:
Umm, the stars might catch on fire and if they catch on fire then there won’t be
very much, there will be very, very more light because they’re dark at night but if
they catch on fire because of the sun then the, the day will be more lighter. Umm,
if the stars come out, if the, umm, stars come out then, then they’ll catch on fire
and then they’ll probably have to stay out by the sun because they probably can
hardly move cause they’re on fire.”
The knowledge piece KP SR11—Stars move/do not move is evident in this part of
Lauren’s explanatory statement when she says “if the stars come out” and “[stars]
probably can hardly move”.
Across Lauren’s explanatory statements, there is evidence of her drawing on two of the
five of her most used knowledge piece types. She used these two most used knowledge pieces
along with 11 other pieces of knowledge to reason about and make sense of why stars can only
be seen in the sky at night in these particular moments. While my expectation that her
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explanatory statements (in combination) would contain all five of her most used knowledge
piece types did not hold, this analysis did reveal that Lauren used a Star-Practice pattern in her
explanations as KP SR11 and KP PR3 showed up several times across her explanations and in
her model drawing. Four of her five most used knowledge piece types fall into the Star and
Practice KPGs. As such Lauren’s STI data does in fact align with an explanation representative
of her most used knowledge pieces—Star—Practice.
Scarlett’s Sun—Star—Practice Explanation. Across Scarlett’s student thinking
interview, 91 instances of knowledge pieces categorized as 32 knowledge piece types falling into
nine KPGs. Table 4.18 below provides a summary of Scarlett’s STI data.
Knowledge Piece
Identifier
SN1
SN2
SN3
SN8
SN10
SN11
SN20

SR1
SR2
SR3
SR4

MN1
MN2

Summary of Scarlett’s STI Data
# of
Examples from Data
Knowledge Piece
Instances
Sun can/cannot be seen
3
“The sun isn’t out.”
Sun is bright
6
“The sun is even brighter.”
Sun is big
5
“The sun’s obviously bigger.”
1
“[The sun] makes me think of
Sun is like other objects
like fire.”
3
“[The sun] is always different
Sun has color
colors.”
1
“[The sun] has a lot more
Sun has things in it
things in it.”
1
“[The sun] was made like
Sun was made
that.”

Stars can/cannot be seen
Stars are not all the same
Stars are bright
Stars are in sky

Moon can/cannot be seen
Moon gives light

8
6
6
1

2
1

“We can’t see [the stars] too
much.”
“Not every single stars in the
sky is the exact same.”
“The stars are really bright.”
“[The stars] are always in the
sky.”
“The moon [can be seen in
night sky].”
“The moon has light.”
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MN3
MN5

Moon is bright
Moon allows objects to
be seen

3
1

“The moon is pretty bright.”
“I think the moon just makes
[the stars] brighter.”

E1
E2

Earth has day/night
Earth faces celestial
objects

2
1

E4
E5
E6
PR1
PR2
PR3
PR10

PP1
NCO1
NC02
NCO3
L1
L3
L4
B5

Earth moves/does not
move
Sky has color

1

“At night.”
“[The Earth] is facing the
moon.”
“The sun is on another side [of
Earth].”
“In the Earth’s rotation.”

3

“The sky’s black.”

The natural world can be
observed
Objects in the natural
world can be modeled
Conditions determine
what can be observed
Observations can be
remembered

7

“If you look up at the sun.”

11

“I drew the blue in the sky.”

3

“Always.”

1

“You look around you can
remember it.”

3

“I’m not really sure.”

2

“Clouds [can be seen in the day
sky].”
“A bird [can be seen in the day
sky.”
“The clouds even cover the
stars.”

Earth has sides

People have missing
knowledge
Clouds can be seen
Other non-celestial
objects can be seen
Clouds prevent celestial
objects from being seen
Light covers/ does not
cover other light
Light reflects
Light travels
Brightness shines on stars

1

1
1
1
2
1
2

“[The sunlight] kind of blocks
the vision of seeing the
star[light].”
“The moon’s light reflects off
of the stars.”
“[The moon’s light] kind of
like comes back.”
“[The moon’s brightness] kind
of shines on to the stars.”
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TOTAL:

91

Table 4.18. Scarlett’s Knowledge Pieces with Most Used Knowledge Pieces Identified.
Looking across Scarlett’s data, I expected Scarlett’s explanatory statements would
contain knowledge pieces from her most used knowledge piece types. These types are
highlighted in the table above and include: (1) KP SN2 Sun is bright; (2) KP SR1 Stars
can/cannot be seen; (3) KP SR2 Stars are not all the same; (4) KP SR3 Stars are bright; (5) KP
PR1 The natural world can be observed; (6) KP PR2 Objects in the natural world can be
modeled.
As such, I hypothesized that Scarlett’s explanation to the big idea question would
combine these pieces in some way. I recognize that not every explanatory statement in Scarlett’s
data will contain all of these most used knowledge piece types. However, it is reasonable to
expect to see a combination of some of these pieces within Scarlett’s explanatory statements. An
analysis of her STI data (her words and her drawing) reveals she did draw on these KPGs, but
not always.
For example, KP SN2 Sun is bright was evident in Scarlett’s model (i.e. drawing) of why
we can only see stars in the sky at night (Figure 4.12). Scarlett colored in the sun with bright
yellow, which is not something she did for the moon. KP SR2 Stars are not all the same was also
evident in Scarlett drawing as she modeled each star differently.
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Figure 4.12. Scarlett’s Model for Why We See Stars Only at Night.
There is evidence of these knowledge piece types I what she states as well. For example,
Scarlett initially responded to the question “So why do you think we’re able to see the stars in the
sky at night but not here during the day?” by stating:
“Because the stars are bright but the sun is even brighter and sometimes the clouds even
cover the stars but they’re always in the sky you just can’t see them because the sun’s
bright and the moon isn’t as bright as sun so you can see them easier and they’re also
pretty bright.”
In this response, there are 7 knowledge piece types represented (Figure 4.13), three of which is
among her most used knowledge pieces (KP SN2 Sun is bright; KP SR1 Stars can/cannot be

seen; KP SR3 Stars are bright).

SR3.
Because
the stars
are bright

SN2.
but the sun
is even
brighter

SR1.
you just
can't see
them

SN2.
Because
the sun's
bright

PR3.
and
somtimes

MN3.
and the
moon isn't
as bright
as sun

NCO3.
the clouds
even cover
the stars

SR1.
so you can
see them
easier

SR4.
but they're
always in
the sky

SR3.
and they're
also pretty
bright

Figure 4.13. Scarlett’s knowledge pieces in her initial explanation.
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In this explanatory statement, Scarlett uses the knowledge pieces SN2 Sun is bright, SR1
Stars can/cannot be seen, and SR3 Stars are bright as she reasons about why we see stars only at
night. KP SN2 is evident when she says, “the sun is even brighter” and “the sun’s bright”.
Scarlett uses KP SR1 Stars can/cannot be seen when she says “you just can’t see [the stars]” and
“you can see [the stars]”.
Scarlett’s other most used knowledge pieces are not evident in this initial explanatory
statement, but they are evident (as is more instances of KP SN2 and SR1) later as the interview
unfolds. For example, when she was asked to explain her model of her thinking about why stars
cannot be seen in the day sky she said:
“So the sun’s obviously bigger and brighter. And I drew all those different colors because
it makes me think of like fire and if you just look up at the sun and then you like look
around you can like if you like remember it you can almost see like a little bit of red and
sometimes a little bit of purple. And then the stars are smaller because we can’t see them
like too much. And they’re obviously not as bright as the sun is.”

In this explanatory statement, there is evidence of Scarlett’s drawing on all six of her
most used knowledge piece types. She again draws on the pieces SN2—Sun is bright and SR1—
Stars can/cannot be seen when she says “the sun’s obviously brighter” and “we can’t see [the
stars] like too much”. She also uses her KP PR1—The natural world can be observed when she
says “if you just look up at the sun” and KP PR2—Objects in the natural world can be modeled
when she says “I drew all those different colors”. Lastly, KP SR2 Stars are not all the same is
illustrated when she says “the stars are smaller”.
Then later the same knowledge piece evident in her explanation about why stars cannot
be seen in the day sky is evident in her response for why stars can be seen in the night sky. She
said: “Because the, the sun isn’t out. And the stars are also [pause] really, well bright. And I
think another reason is maybe because at night maybe the only reason you can see the stars at
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night is because the sky’s black.” Here, Scarlett uses only one of her most used knowledge piece
types (KP SR1—Stars can/cannot be seen).
Across Scarlett’s explanatory statements, I found evidence of her drawing on all six of
her most used knowledge piece types. She used these six knowledge pieces along with nine other
pieces of knowledge to reason about and make sense of why stars can only be seen in the sky at
night in these moments. My expectation that her explanatory statements (in combination) would
contain all six of her most used knowledge piece types does hold in this case. As such, this
analysis revealed that Scarlett used a Sun—Star—Practice pattern in her explanations as pieces
from each KPG were evident across her explanations and model drawing.
Drake’s Sun—Earth—Practice Explanation. Across Drake’s student thinking
interview, 86 instances of knowledge pieces were identified categorized as 26 knowledge piece
types failing into seven KPGs. Table 4.19 below provides a summary of Drake’s STI data.
Knowledge Piece
Identifier
SN1
SN2
SN5
SN6
SN7
SN9
SR1
SR3
SR5
SR7
SR11

Summary of Drake’s STI Data
# of
Examples from Data
Knowledge Piece
Instances
3
“You’ll be able to see the sun
Sun can/cannot be seen
as well.”
Sun is bright
4
“The sun is so bright.”
Sun moves/does not
7
“The sun gets pushed back.”
move
Sun is a star
3
“The sun’s actually a star.”
Sun looks differently
1
“As we see [the sun] it is like a
from earth/space
circle.”
Sun is distant/not distant
6
“The sun is closer to Earth.”
Stars can/cannot be seen
Stars are bright
Stars are distant/not
distant
Stars look differently
from earth/space
Stars move/do not move

1
2
2
1
4

“That’s a star.”
“The regular stars [are bright].”
“Stars are farther away from
Earth.”
“The stars actually look like
stars in the sky.”
“The stars get closer.”
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MN1
MN4

E1
E2
E4

Moon can/cannot be seen
Moon moves

Earth has day/night
Earth faces celestial
objects

3
2

“You can sometimes see the
moon in the [day] sky.”
“The moon sort of gets closer
to Earth.”

4
2

“It will be nighttime here.”
“[Earth faces] the sun.”

2

E5

Earth moves/does not
move

11

“On the other side of the
world.”
“The earth spins around.”

PR1

The natural world can be
observed

3

“You can see a planet.”

6

“Those are the stars here.
[student points to night sky
drawing]”
“At different times.”

PR2
PR3
PR4
PR6

Earth has sides

Objects in the natural
world can be modeled
Conditions determine
what can be observed
Questions can be asked

13
1

“Are stars like flat or are they
like 3D?”
“It moves inches by inches.”

Variables can be
measured
Patterns exist/do not exist
in the natural world

1
1

“[The sun] does the same thing
over and over.”

NCO1
NCO3

Clouds can be seen
Clouds prevent celestial
objects from being seen

1
1

“There’s clouds in the sky.”
“Unless the clouds are
covering [the sun].”

L1

Light covers/ does not
cover other light

1

“The sun[light] out numbers
the rest of the star[light].”

PR7

TOTAL:
86
Table 4.19 Drake’s Knowledge Pieces with Most Used Knowledge Pieces Identified.
Looking across Drake’s data, I expected Drake’s explanatory statements would contain
knowledge pieces from his most used knowledge piece types. These types are highlighted in the
table above and include: (1) KP SN5 Sun moves/does not move; (2) KP SN9 Sun is distant/not
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distant; (3) KP E5 Earth moves/does not move; (4) KP PR2 Objects in the natural world can be
modeled; (5) KP PR3 Conditions determine what can be observed.
As such, I hypothesized that Drake’s explanation to the big idea question would combine
these pieces in some way. I recognize that not every explanatory statement in Drake’s data will
contain all of these most used knowledge piece types. However, it is reasonable to expect to see
a combination of some of these pieces within Drake’s explanatory statements. An analysis of his
STI data (his words and his drawing) reveals he did draw on these KPGs, but not always.
For example, KP SR1—Stars can/cannot be seen can be seen in Drake’s model. First,
when he models the stars not being seen in the day sky and second when he models stars can be
seen in the sky at night.

Figure 4.14. Drake’s model of why we see stars only in the sky at night.
There is evidence of these knowledge piece types in what he states as well. For example,
Drake initially responded to the question “Why do you think that we can see the stars in the sky
at night and not during the day?” by stating, “Umm, because the sun, well the sun’s actually a
star and then the sun is a lot closer than all the other stars so the sun out numbers the rest of the
stars because it’s a lot closer and a lot brighter.” In this response, there are five knowledge piece
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types represented (Figure 4.15), one of which is among his most used knowledge pieces (KP SN9
Sun is distant/not distant).
SN6.
Umm,
because
the sun,
well the
sun's
actually
a star

SN9.
and then
the sun
is a lot
closer

SR5.
than all
the other
stars

L1.
so the
sun out
numbers
the rest
of the
stars

SN9
because
it's a lot
closer

SN2.
and a lot
bright.

Figure 4.15. Drake’s knowledge pieces in his initial explanation.
In this explanatory statement, Drake uses the KP SN9 Sun is distant as he reasons about
why we see stars only at night. KP SN9 is evident in two different instances. In both cases, Drake
is explaining that “the sun is a lot closer” to Earth compared to the other stars. He uses this most
used knowledge piece along with four additional pieces of knowledge to assemble this
explanation, including SN6 Sun is a star, SR5 Stars are distant/not distant, L1 Light covers other
light, and SN2 Sun is bright.
Drake’s other most used knowledge pieces are not evident in this initial explanatory
statement, but more are evident (as is more instances of KP SN9) later as the interview unfolds.
For example, when he was asked to explain his model of his thinking about why stars cannot be
seen in the day sky he said, “That’s the earth and then that’s the sun because the sun is closer to
earth and then those are the, then there’s stars here and those are farther away from Earth.” He
continued by saying, “the sun’s closer so that the stars actually look like stars in the sky but since
the sun is close and so bright that it actually is well it’s exactly like a star but it’s actually but as
we see it, it is uh like a circle.” Here, Drake continues to use KP SN9 Sun is distant but the KP
PR2 Objects in the natural world can be modeled is also evident in this part of Drake’s
explanatory statement when he says things like, “that’s the earth”, “that’s the sun”, and “there’s
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stars here”. These statements are representative of Drake’s knowledge that objects in the natural
world can be modeled because he is pointing out how he has modeled 3 different celestial objects
to help explain his thinking about why stars cannot be seen in the day sky.
When Drake explained his model of his thinking about why stars can be seen in the night
sky he said,
That’s the Earth and then the Earth like spins around or like it just basically spins around
and but it doesn’t like orbit like it doesn’t, it stays in the same spot well it moves like
inches by inches but it mostly stays in the same spot and then it just spins and then the
moon like the sun and the moon are on different sides of the Earth at different times. And
then the moon is, the moon is sort of gets closer to Earth because the Sun is not as close
to Earth anymore and the sun it gets pushed back so in another, in another 12 hours it
should be sunny again. The stars get closer well the stars don’t really get closer but they
get like sort, they sort of get closer because the Earth is spinning.

Up to this point in Drake’s sense making, I have seen evidence of Drake using both
knowledge of sun and practice, but I had not yet seen knowledge of celestial objects moving, like
the Earth or Sun, in use. This explanatory statement is rich with evidence of Drake’s most used
KP E5 Earth moves as this piece of knowledge is central to the way Drake is reasoning about and
making sense of why stars can be seen in the night sky in this moment. Here, Drake is wrestling
with the idea that Earth moves and trying to consider how this helps him to explain the
phenomenon under consideration. He says, “the Earth spins around”, “it moves inches by
inches”, “it stars in the same spot”, “it just spins”, and “the Earth is spinning”. As such, Drake
uses the KP E5 Earth moves at five different instances within this explanatory statement. He also
considers the KP SN5—Sun moves when he says, “the sun gets pushed back” and KP PR3
Conditions determine what can be observed when he says, “in another 12 hours”.
Across Drake’s explanatory statements, there is evidence of him drawing on all five of
his most used knowledge piece types. He used these five pieces along with 13 other pieces of
knowledge to reason about and make sense of why stars can only be seen in the sky at night in
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these moments. My expectation that his explanatory statements (in combination) would contain
all five of his most used knowledge piece types did hold. In addition, this analysis revealed that
Drake did in fact use a Sun—Earth—Practice pattern in his explanations.
Summary of Other Students’ Practice-Based Explanations. The remaining six focus
students whose predicted categories of explanations drew on pieces of practice are summarized
in the table below. It is important to note that the data presented below shows only a small piece
of the analysis that was conducted to answer this question. However, each statement was selected
to serve as evidence that the hypothesize explanation type generated from the most used
knowledge pieces was in fact found within the STI data. In fact, each of these six predicted
categories of explanations played out in the corresponding student’s STI data. As such, I was
able to identify explanatory statements within each student’s STI data that was representative of
the most used knowledge pieces identified, as well as the category of explanation type predicted
by this approach.
Summary of Other Students’ Practice-Based Explanations
Predicted
# of most use
Student
Category of
knowledge
Evidence of Explanation in STI Data
Explanation
pieces
Blaine Star—Practice
4
“The stars are bright with the sun so it’s very
hard to see them… but when it’s dark you can
see the stars because… they’re all bright and
everything… and the sun over here [student
points to drawing of his thinking] is on the
opposite side of the Earth.”
Jeremiah Star—Practice
4
“I think you can’t see the stars during the day
because the sun makes it too bright to even see…
and during the nighttime you can see the stars
just because it’s dark enough and the stars can
just get really bright… The sun would be right
here as big as it can be and everything would just
be blue around it, so you can’t see anything like
you would be able to see during nighttime.”
Jacob
Sun—Star—
4
“The sun is a lot brighter than the stars. Stars
Practice
aren’t bright enough to over power the sun,
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which means that the stars get covered by the sun
because the sun is too bright. I drew the sun and
all the light that it’s casting and it’s brighter than
the stars so you can’t really see the stars.”
Simon Star—Earth—
5
“I was going to say because mostly stars are
Practice
usually bright and white and so when it’s day
you can’t see them and maybe the clouds cover
so at night when the sky is dark since they’re
bright you can see the stars better.”
Joanna Light—
2
“You can’t see [the stars] cause the sun blocks
Practice
out the light. It has too much light and you can’t
see the stars anymore… [The sun] is brighter
then all of the other stars. I drew the stars there.
On Earth you can’t see them because there’s too
much light shining on us.”
Robin Matter-Practice
2
“In the night sky it’s so dark that the brightness
of the stars makes it brighter for you to see the
stars better… They’re really bright. They’re just
so hot that it just turns red and then it goes down
and goes back up and then goes back down and
goes back up. The fire, the hotness of it, it make
it get hot and then sometimes it cools down and
then it gets hot again and then it cools down.”
Table 4.20. Summary of Other Students’ Practice-Based Explanations.
RQ2 Result #3: While less common, children constructed explanatory statements without
pieces of knowledge of practice in their sense-making process.
The knowledge piece group of practice was not identified as a most used knowledge
piece type for two students, Trevor and Lane. This means Trevor and Lane drew on their
knowledge of practice at fewer instances across their STI compared to their knowledge of
content (i.e. knowledge of sun, stars, or earth) to construct their explanatory statements about
why stars can only be seen at night. Instead, their explanatory statements drew most commonly
on knowledge pieces from the Sun, Star, and Earth groups, including KP SN2 Sun has light, KP
SR3 Stars are bright, and KP E1 Earth has day/night. These knowledge piece groups (Sun, Star,
and Earth) were not unique to Trevor and Lane. Students who constructed explanatory
statements including the KPG of Practice described above also drew on these groups. But I found

126

these explanatory statements interesting and unique as they lacked pieces of knowledge about
engaging in the practices of science, which made them stand out in comparison to the other nine
focus students. As such, I describe Trevor and Lane’s cases in detail below.
Trevor’s Sun—Star Explanation.
Across Trevor’s student thinking interview, 37 instances of knowledge pieces were
identified categorized as 22 knowledge piece types falling into six KPGs. Table 4.21 below
provides a summary of Trevor’s STI data.
Knowledge Piece
Identifier
SN1
SN2
SN3
SN4
SN6
SN12
SR1
SR2
SR4
SR8
SR16

MN1
MN2

Summary of Trevor’s STI Data
# of
Knowledge Piece
Instances
2
Sun can/cannot be seen
Sun is bright
Sun is big
Sun has light
Sun is a star
Sun has rays

Stars can/cannot be seen
Stars are not all the same
Stars are in sky
Stars give light
Stars do not have rays

Moon can/cannot be seen
Moon gives light/brightness

1
2
4
1
1
6
2
1
1
1

2
1

Examples from Data
“[The sun] isn’t there no
more.”
“The sun is brighter.”
“The sun’s bigger than all
of [the stars].”
“[The sun] can hold more
light.”
“[The sun] is the biggest
star.”
“[The sun] puts off rays.”
“You just can’t see [the
stars].”
“All of the stars are
smaller.”
“The stars might be [in the
day sky].”
“[The stars] doesn’t put
off as much light.”
“The stars don’t [have
rays].”
“The moon’s out too.”
“[The moon] makes it a
little bit brighter.”
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E1
E2

Earth has day/night
Earth faces celestial objects

2
1

E3
E4

Sky has brightness/darkness
Earth has sides

2
1

PR1

The natural world can be
observed
Objects in the natural world
can be modeled
Questions can be asked

1

PR2
PR4
NCO1
NCO2

Clouds can be seen
Other non-celestial objects
can be seen
TOTAL:

1
2
1
1
37

“You can see [the stars] in
the night.”
“[The side of the earth]
that had the sun on it.”
“It gets darker.”
“The side of the earth”
“I see the moon and the
stars.”
“[The sun] puts off rays,
that’s what the lines do.”
“Do birds count too?”
“Clouds [can be seen in
the day sky].”
“Birds [can be seen in the
day sky].”

Table 4.21. Trevor’s Knowledge Pieces with Most Used Knowledge Pieces Identified.
Looking across Trevor’s data, I expected Trevor’s explanatory statements would contain
knowledge pieces from his most used knowledge piece types. These types are highlighted in the
table above and include: (1) KP SN4 Sun has light; and (2) KP SR1 Stars can/cannot be seen. As
such, I hypothesized that Trevor’s explanation to the big idea question would combine these two
pieces in some way. I recognize that not every explanatory statement in Trevor’s data will
contain all of these most used knowledge piece types. However, it is reasonable to expect to see
a combination of some of these pieces within Trevor’s explanatory statements. An analysis of his
STI data (his words and his drawing) reveals he did draw on these KPGs, but not always.
For example, KP SN4 Sun has light was evident in Trevor’s model (i.e., drawing) of why
we can only see stars in the sky at night (Figure 4.16) when he draws the sun’s light in the day
sky and again when he models the absence of the sun’s light in the night sky. KP SR1 Stars
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can/cannot be seen can also be seen in Trevor’s model. First, when he models the stars not being
seen in the day sky and second when he models stars can be seen in the sky at night.

Figure 4.16. Trevor’s model of why we see stars only at night.
There is evidence of these knowledge piece types in what he states as well. For example,
Trevor initially responded to the question “Why do you think we can see the stars in the sky at
night and not during the day?” by stating, “Uhh, because it’s already light out you just can’t see
them in the day, but since it gets darker you can see them in the night.” In this response, there are
four knowledge piece types represented (Figure 4.17), three of which is among his most used
knowledge pieces (KP SN4 Sun has light; KP SR1 Stars can/cannot be seen).
SN4.
Uhh,
becuse
it's
already
light out

SR1.
you just
can't see
them

E1.
in the
day,

E3.
but since
it gets
darker

SR1.
you can
see them

E1.
in the
night.

Figure 4.17. Trevor’s knowledge pieces in his initial explanation.
In this explanatory statement, Trevor uses the KP SN4 Sun has light and KP SR1 Stars
can/cannot be seen as he reasons about why we see stars only at night. KP SN4 is evident when
he says “because it’s already light out” and KP SR1 when he says “you just can’t see [the stars]”
or “you can see [the stars].” Trevor used these two most knowledge pieces along with KP E1
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Earth has day/night (“in the day” and “in the night”) and KP E3 Sky has brightness/darkness
(“but since it gets darker”) in his initial explanatory statement.
The two most used knowledge pieces can be seen again later in his student thinking
interview when he was asked to explain his model of his thinking about why stars cannot be seen
in the day sky. Trevor said, “The stars might be there, but you just can’t see them.” Trevor
modeled this idea in his drawing of the day sky by adding faint dots around the sun to illustrate
that the sun’s light prevents the stars from being seen. When Trevor says, “but you just can’t see
them,” this is evidence of the most used KP SR1 Stars can/cannot be seen.
When Trevor explained his model of his thinking about why stars can be seen in the night
sky he said, “So since the, umm, the side of the earth that had the sun on it, since it isn’t there no
more, you can see the stars, but the moon’s out too, so that makes it a little bit brighter.” In this
window into Trevor’s thinking, both most used knowledge pieces are visible. “Since [the sun’s
light] isn’t there no more” represents the KP SN4 Sun has light and “You can see the stars”
illustrates Trevor’s knowledge of KP SR1Stars can/cannot be seen. Trevor uses four additional
knowledge pieces in this explanatory statement, including (1) KP E2 Earth faces celestial
objects; (2) KP E4 Earth has sides; (3) KP MN1 Moon can/cannot be seen; and (4) KP MN2
Moon gives light/brightness.
Across Trevor’s explanatory statements, there is evidence of him drawing on both of his
most used knowledge piece types. He used these two pieces along with six other knowledge
piece types to reason about and make sense of why stars can only be seen in the sky at night in
these particular moments. As such, my expectation that his explanatory statements (in
combination) would contain both of his most used knowledge piece types did hold. This analysis
also revealed that Trevor used a Sun—Star pattern in his explanations.
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Lane’s Sun—Star—Earth Explanation.
Across Lane’s student thinking interview, 83 instances of knowledge pieces were
identified in the data categorized as 25 knowledge piece types falling into eight KPGs. Table
4.22 below provides a summary of Lane’s STI data.
Knowledge Piece
Identifier
SN1
SN2
SN3
SN4
SN5
SN7
SN9
SN10
SR1
SR2
SR3
SR4
SR5

Summary of Lane’s STI Data
# of
Knowledge Piece
Instances
3
Sun can/cannot be seen
Sun is bright
Sun is big
Sun has light
Sun moves/does not move
Sun looks differently from
earth/space
Sun is distant/not distant
Sun has color

Stars can/cannot be seen
Stars are not all the same
Stars are bright
Stars are in sky
Stars are distant/not distant

6
3
4
2
1
3
1
7
4
9
1
4

Examples from Data
“The sun [can be seen in
the day sky].”
“The sun is bright.”
“The sun’s bigger.”
“The sun is shining.”
“The sun goes down.”
“[The sun] looks
bigger.”
“The sun’s closer.”
“[The sun is] yellow.”
“You can’t see [the
stars].”
“The stars are smaller.”
“The stars are bright.”
“The stars are still out.”
“[The stars] are farther
away.”

MN1

Moon can/cannot be seen

4

“You can see the moon.”

E1
E3

Earth has day/night
Earth’s sky has
brightness/darkness

6
6

“In the day time.”
“[The sky] gets dark.”

PR1

The natural world can be
observed
Objects in the natural world
can be modeled

1

“You can see”

3

“I drew clouds.”

2

“Is the sun bigger than
the stars?”

PR2
PR4

Questions can be asked
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PR3

Conditions determine what
can be observed

2

“Sometimes”

PP1.

People have missing
knowledge

5

“I don’t know.”

NCO1
NCO2

Clouds can be seen
Other non-celestial objects can
be seen
Clouds have color

2
2

“I see clouds.”
“A bird.”

1

“[Clouds] are white.”

1

“The darkness is
covering [the stars].”

NCO4
D2

Darkness covers stars
TOTAL:

83

Table 4.22. Lane’s Knowledge Pieces with Most Used Knowledge Pieces Identified.
Looking across Lane’s data, I expected Lane’ explanatory statements would contain
knowledge pieces from his most used knowledge piece types. These types are highlighted in the
table above and include: (1) KP SN2 Sun is bright; (2) KP SR1 Stars can/cannot be seen; (3) KP
SR3 Stars are bright; (4) KP E1 Earth has day/night; and (5) KP E3 Earth’s sky has
brightness/darkness. As such, I hypothesized that Lane’s explanation to the big idea question
would combine these pieces in some way. I recognize that not every explanatory statement in
Lane’s data will contain all of these most used knowledge piece types. However, it is reasonable
to expect to see a combination of some of these pieces within Lane’s explanatory statements. An
analysis of his STI data (his words and his drawing) reveals he did draw on these KPGs, but not
always.
For example, KP E3 Earth’s sky has brightness/darkness was evident in Lane’s model
(i.e. drawing) of why we only see stars in the night sky (Figure 4.18) when he drew the stars
surrounded by darkness in the night sky. This drawing also illustrates the most used KP SR1
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Stars can/cannot be seen. KP SN2 Sun is bright can be seen in Lane’s model of the day sky.
Lane modeled the sun’s brightness with the yellow lines extending from the sun.

Figure 4.18. Lane’s model of why we see stars in the sky at night but not during the day.
There is evidence of these knowledge piece types in what he states as well. For example,
when asked “Why do you think we can see the stars in the sky at night but not in the sky during
the day?” Lane responded by saying, “Because the stars are bright and when the day, in the
daytime it’s bright too, so you can’t see them. It just, the stars blend in with the daytime.” Figure
4.18 illustrates how Lane’s most used knowledge pieces play out in his initial explanation.

SR3
Because
the stars
are
bright

E1
and
when
the day,
in the
daytime

E3
it's
bright
too

SR1
so you
can't see
them.

SR1
It just,
the stars
blend in

E1
with the
daytime.

Figure 4.19. Lane’s knowledge pieces in his initial explanation.
In this explanatory statement, Lane uses four out of his five most used knowledge piece
types. The only knowledge piece type not visible in this explanation is KP SN2 Sun is bright, but
it is evident later as the interview unfolds. For example, when he was asked to explain his model
of his thinking about why stars cannot be seen in the day sky. Lane responded by saying, ““Like
they’re both bright and so that, the sun’s bigger than the stars that it’s brighter than the stars,
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umm, so you cannot see them.” As Lane engaged in the task of modeling his thinking, the KP
SN2 Sun is bright becomes visible when he says “it’s brighter than the stars”.
When Lane explained his model of his thinking about why stars can be seen in the night
sky he said, “The, the stars are bright and the darkness is, umm, covering them so it makes them,
umm, like, umm, so you can see them.” In this window into Lane’s thinking, Lane draws on KP
SR3 Stars are bright and KP SR1 Stars can/cannot be seen. Lane assembles these most used
knowledge piece types with the KP D2 Darkness covers stars to explain his thinking about why
stars can be seen in the sky at night.
Across Lane’s explanatory statements, there is evidence of him drawing on all five of his
most used knowledge piece types. He used these five pieces along with two other pieces of
knowledge to reason about and make sense of why stars can only be seen in the sky at night in
these particular moments. As such, Lane’s STI data does in fact align with an explanation
representative of her most used knowledge pieces: Sun—Star—Earth.
RQ2 Results Summary.
As the presentation of the results thus far indicate, the analysis of the explanatory
statement data in the STI’s revealed three main findings: (1) children constructed a range of
explanatory statements, some similar and others unique, grouped around eight areas when
reasoning about why we can see stars only at night; (2) of the eight areas, children constructed
explanatory statements that included the KPG of practice most often; and, (3) while less
common, children also constructed explanatory statements without pieces of knowledge of
practice in their sense-making process.
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Results Addressing (RQ3): What Knowledge Pieces are Evident in Children’s Artifacts
Created During Science Learning Experiences about This Phenomena?
An analysis of the student artifact data revealed two main findings: (1) there were 37
common knowledge piece types found in both the STI data and the artifact data, and (2) there
were 13 unique (new) knowledge piece types evident in the artifact data that were not evident in
the STI data.
RQ3 Result #1: Children used 37 knowledge piece types in their STI data and as they engaged
in learning about why stars can only be seen at night.
In total, 37 of 118 knowledge piece types evident in the STI data were also evident across
51 student artifacts. These pieces of knowledge grouped around nine of the original 13 KPGs,
including: (1) Sun, (2) Stars, (3) Moon, (4) Earth, (5) Practice, (6) Non-Celestial Objects, (7)
Light, (8) Brightness, and (9) Darkness. See Table 4.23 below for the specific knowledge pieces
within each KPG evident in the artifacts, as well as the number of student artifacts that contained
each piece.
Knowledge Pieces in Student Artifact Data
Knowledge Piece
Group (KPG)
1.
2.
3.
4.
5.
6.
7.
8.
9.

KPG of Sun

10.
11.
12.

KPG of Stars

Knowledge
Piece (KP)
Identifier
SN1.
SN2.
SN3.
SN4.
SN5.
SN6.
SN9.
SN12.
SN16.
SR1.
SR3.
SR4.

Knowledge Piece (KP)

# of
Artifacts

Sun can/cannot be seen
Sun is bright
Sun is big
Sun has light
Sun moves/does not move
Sun is a star
Sun is distant/not distant
Sun has rays
Sun is part of universe

2
10
7
1
1
4
6
2
1

Stars can/cannot be seen
Stars are bright
Stars are in sky

10
9
3
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

SR5.
SR8.
SR13.

Stars are distant/not distant
Stars give light
There are lots of stars

6
1
1

KPG of Moon

MN1.
MN2.
MN3.

Moon can/cannot be seen
Moon gives light
Moon is bright/dark

2
1
5

KPG of Earth

E1.
E2.
E3.
E4.

Earth has day/night
Earth faces celestial objects
Sky has brightness/darkness
Earth has sides

8
2
1
2

Objects in the natural world can be
modeled
Conditions determine what can be
observed
Models can be used in sense making
Variables can be measured
Patterns exist/do not exist in the natural
world
Observations can be evidence

11

NCO3.

Non-celestial objects (i.e. clouds,
buildings) prevent celestial objects from
being seen

3

Light covers/does not cover other light
Light conditions can vary
Light has power
Light travels

11
3
2
1

Brightness varies
Closer means brighter
Bright objects provide light

4
7
1

23.

PR2.

24.

PR3.

25.
26.
27.

KPG of Practice

28.
29.

PR5.
PR6.
PR7.
PR9.

KPG of NonCelestial Objects

30.
31.
32.
33.

KPG of Light

L1.
L2.
L3.
L5.

34.
35.
36.

KPG of
Brightness

B1.
B2.
B5.

37. KPG of Darkness
D1.
Darkness exists
Table 4.23. Knowledge pieces in student artifact data.

11
1
4
3
1

3

This data demonstrates that students used many of the same knowledge pieces they had
used during their STIs when they were engaged in a unit focused on this big idea.
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RQ3 Result #2: Children used 13 unique (new) knowledge piece types as they engaged in
learning about why stars can only be seen at night.
However, there were also other knowledge pieces that were unique to the student artifact
data (meaning these pieces did not show up in the STIs). Thirteen new knowledge pieces across
six existing KPGs were identified that were unique to the student artifact data. Table 4.24 shows
each of the new knowledge pieces, the number of student artifacts containing each piece, and an
illustrative example of each.
Knowledge Pieces Unique to Student Artifact Data
KPG

KP Identifier

KPG of Practice

Observations can be
recorded
Tools can be used to
make observations
Scientists collaborate to
make discoveries

1.
2.
3.

4.

5.

KPG of
Brightness

KPG of Stars

6.
7.

KPG of Sun

8.

9.
10.

KPG of NonCelestial Objects

# of Student
Artifacts
11
1
1

Examples from Data
“2 meters; 9 cm; very
bright”
“He needs to look
through a telescope.”
“We all added a little bit
of everyone”

Farther means dimmer

5

“The farther away the
dimmer”

Stars are part of
universe

1

“Bigger stars in the
universe”

Sun lights moon

1

Sun rays are bright

1

Quantity of sun rays
changes

1

“The sun is making the
moon become lit”
“The sun rays are too
bright”
“Lots of rays; less rays;
fewest rays”

Non-celestial objects
create shadows
Non-celestial objects
take up vision

1
1

“The buildings shadow
the sky.”
“[Buildings] would take
up most of my vision.”
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11.
12.
13.

KPG of People

People have sense
People take action
People use light

1
1
1

Table 4.24. Knowledge pieces unique to student artifact data.

“Because common sense”
“He could put up posters”
“Prevent the people
turning on their lights”

Zooming in on the Common and Unique Knowledge Pieces in Two KPGs. As an
illustrative example, I would like to hone in on two knowledge piece groups—KPG of Practice
and KPG of Sun.
KPG Practice. Across both the STI data and the artifact data, there were 14 knowledge
piece types surrounding the KPG of Practice evident. Five of the 14 pieces were found in both
sets of data: KP PR2—Objects in the natural world can be modeled, KP PR5—Models can be
used in sense making, KP PR6—Variables can be measured, KP PR7—Patterns exist/do not
exist in the natural world, and KP PR9—Observations can be evidence. Three of the 14 pieces
were unique (new) knowledge pieces of disciplinary practice evident in the student artifact data:
KP PR12—Observations can be recorded, KP PR13—Tools can be used to make observations,
and KP PR14—Scientists collaborate to make discoveries.
These three unique Practice pieces are evident in the students’ artifacts. For example,
Robin used KP PR12 Observations can be recorded during the explore phase of the unit (as
evidenced by the artifact she created during that phase) recorded her observations of the penlight
at three varying distances as very bright, bright, and dim. KP PR13 Tools can be used to make
observations was evident in Lane’s artifact where he wrote “He needs to look through a
telescope [to be able to see the stars],” to reason about how a boy name Oliver who lives in the
city of Chicago might be able to see stars in the night sky. Lastly, there was evidence of KP
PR14 Scientists collaborate to make discoveries being used when a small group of students
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responded to an explanation starter on an artifact by stating, “We all added a little bit of
everyone [to write this explanation].”
KPG Sun. Across both the STI data and the artifact data, there were 26 knowledge piece
types surrounding the KPG of Sun evident. Nine of the 26 pieces were found in both sets of
data: KP SN1 Sun can/cannot be seen, KP SN2 Sun is bright, KP SN3 Sun is big, KP SN4 Sun
has light, KP SN5 Sun moves/does not move, KP SN6 Sun is a star, KP SN9 Sun is distant/not
distant, KP SN12 Sun has rays, and KP SN16 Sun is part of the universe. Three of the 26 pieces
were unique (new) knowledge pieces of Sun evident in the student artifact data: KP SN24 Sun
lights moon, KP SN25 Sun rays are bright, and KP SN26 Quantity of sun rays change.
These three unique Sun pieces are evident in the students’ artifacts. For example, KP
SN24 Sun lights moon can be seen in Jacob’s EXPLAIN Phase artifact where he wrote, “The
stars have more brightness than the moon. The sun is making the moon become lit. The stars are
brighter than the moon, which means that you can see the stars. The sun makes the moon have
light.” In this explanatory statement, Jacob used KP SN24 two times: (1) “The sun is making the
moon become light” and (2) “The sun makes the moon have light.” This knowledge piece was
also evident in his drawing (Figure 4.20).
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Figure 4.20. Jacob’s model of his KP SN24 Sun lights moon.
KP SN25 Sunrays are bright were evident in Jeremiah’s artifact where he drew a model
of his thinking about why stars cannot be seen in the day sky. In this model, Jeremiah wrote,
“The sun rays are too bright to see stars.” This knowledge piece was also evident in his drawing
(Figure 4.21) evidenced by the sunrays coming out from the sun in the day sky.

Figure 4.21. Jeremiah’s model of why stars cannot be seen in the day sky.
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Finally, KP SN26 Quantity of sunrays change can be seen in another one of Jacob’s
artifacts. In this artifact, Jacob draws sun rays and labels them as “lot of rays”, “less rays”, and
“fewest rays” as the distance from the sun grew.

Figure 4.22. Jacob’s drawing of KP SN26 Quantity of sunrays changes.
RQ3 Results Summary.
As the presentation of the results thus far indicate, the analysis of the student artifact data
revealed two main findings: (1) there were 37 common knowledge piece types found in both the
STI data and the artifact data, and (2) there were 13 unique (new) knowledge piece types evident
in the artifact data that were not evident in the STI data.

Results Addressing (RQ4): In What Ways Do Focus Students’ Explanatory Statements
Change Overtime?
An analysis of students’ initial and final explanatory statement data revealed three main
findings: (1) Six students demonstrated movement towards a deeper conceptual understanding
through an increase in knowledge piece or group types; (2) Four students demonstrated
movement towards a deeper conceptual understanding through a decrease in knowledge piece or
group types; and (3) A change in diversity was not evident between the initial and final
explanatory statements of one student.
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RQ4 Result #1: Six students demonstrated movement towards a deeper conceptual
understanding through an increase in knowledge piece or group types.
I would like to conclude my results chapter by looking at the focus students’ initial and
final explanatory statements evident in their STIs. One STI was conducted prior to the focus
students’ meaningful science learning experiences around why we see stars only at night. The
second STI was conducted after the focus students’ experiences with the unit. Through this
analysis, I was interested the diversity of knowledge pieces and knowledge piece groups present
in focus students’ initial and final explanatory statements. In nine cases, the diversity of
knowledge piece types in students’ initial and final explanatory statements changed. However, in
one case, the diversity in the knowledge piece types used by the student did not change.
In the following paragraphs, I highlight four illustrative examples in order to demonstrate
two ways focus students progressed towards a deeper conceptual understanding about why stars
can be seen only at night, including 1) An increase in knowledge piece or group types and 2) A
decrease in knowledge piece or group types.
Initially, Blaine responded to the big idea question by saying, “The stars they’re bright
with the sun so it’s very, very hard to see them. The sun’s a star and it’s really, really bright so
you can’t see the stars when it’s really bright outside but when it’s night you can see the stars
because they’re all bright and everything.” Blaine’s final explanatory statement was, “The sun is
so bright that it almost blocks out all of the stars, but the closest like biggest, closest star to earth
is the sun and a bunch of other bigger stars in our galaxy is farther away but can still be bigger.
We can see the sun more easily and it blocks out all the other stars.”
In Table 4.25 below, the knowledge piece types evident in Blaine’s initial and final
explanatory statements are listed to illustrate the diversity in knowledge piece types across both
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explanatory statements. Blaine drew on six knowledge pieces from three different knowledge
piece groups in his initial explanation. In his final explanation, Blaine drew on seven knowledge
pieces from three knowledge piece groups. This indicates an increase in knowledge piece types.
Blaine’s Knowledge Pieces in his Initial and Final Explanatory Statements
Initial Explanatory Statement Pieces
Final Explanatory Statement Pieces
1. SN2—Sun is bright
SN1—Sun can be seen
2. SN6—Sun is a star
SN2—Sun is bright
3. SR1—Stars can/cannot be seen
SN3—Sun is big
4. SR3—Stars are bright
SN9—Sun is less distant
5. E3—Sky has brightness
SR5—Stars are more distant
6. E1—Earth has night
SR7—Stars look differently from earth/space
7.
L1—Light covers other light
Table 4.25. Blaine’s knowledge pieces in his initial and final explanatory statements.
Jeremiah initially responded to the “big idea” question by saying, “I think you can’t see
the stars during the day is because the sun makes it too bright to even see or like I guess there
aren’t a lot of stars like around the sun to where we’re facing and during the night time you can
see the stars just because it’s like dark enough and the stars can just get really bright. That’s why
you can see them.” In Jeremiah’s final explanatory statement, he says:
The moon it doesn’t appear like closer to us so it doesn’t seem brighter and since it’s like
not brighter it doesn’t over power the rest of the stars. Since the sun seems bright well
since the sun is closer to planet Earth than most of the stars, the closer you are to
something that’s bright the brighter it seems, so like if you were looking at like a sky
tower maybe the lights on the ground would appear brighter because you’re closer to the
light on the ground than you are on the sky building.
In Table 4.26 below, the knowledge piece types evident in Jeremiah’s initial and

final explanatory statements are listed to illustrate the diversity in knowledge piece types
across both explanatory statements. Jeremiah drew on eight knowledge pieces from three
different knowledge piece groups in his initial explanation. In his final explanation,
Jeremiah drew on eight knowledge pieces from six knowledge piece groups. This
indicates an increase in knowledge piece group types.
Jeremiah’s Knowledge Pieces in his Initial and Final Explanatory Statements
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Initial Explanatory Statement Pieces
Final Explanatory Statement Pieces
1. SN22—Sun causes day
SN2—Sun is bright
2. SR1—Stars can/cannot be seen
SN9—Sun is less distant
3. SR3—Stars are bright
SR5—Stars are more distant
4. SR9—Stars surround celestial objects MN3—Moon is bright
5. SR13—There are not lots of stars
MN10—Moon is distant
6. E1—Earth has day/night
B2—Closer means brighter
7. E2—Earth faces celestial objects
L1—Light does not cover other light
8. E3—Sky has darkness
PR1—The natural world can be observed
Table 4.26. Jeremiah’s knowledge pieces in his initial and final explanatory statements.
Lastly, Simon initially reasons about the “big idea” question by saying, “I was going to
say because mostly stars are usually like bright and so like when it’s like day you can’t see them
and so at night they like when the sky is dark since they’re bright you can see the stars better.”
But in his final explanatory statement he makes sense of why we see stars only at night by
saying,
In the night it’s dark and the moon doesn’t have natural light. The sun reflects off
the moon which makes it get its light and then it’s dark and then the stars are so
bright that when it’s dark you can see them but in the day when like the sun’s so
bright when we’re like on the sun’s side, like the light part of the earth, then the
sun is so overpowering with it’s light you can’t see any stars.
In Table 4.27 below, the knowledge piece types evident in Simon’s initial and final

explanatory statements are listed to illustrate the diversity in knowledge piece types
across both explanatory statements. Simon drew on four knowledge pieces from two
different knowledge piece groups in his initial explanation. In his final explanation,
Simon drew on nine knowledge pieces from five knowledge piece groups. This indicates
an increase in both knowledge piece types and knowledge piece group types.
Simon’s Knowledge Pieces in his Initial and Final Explanatory Statements
Initial Explanatory Statement Pieces Final Explanatory Statement Pieces
1. SR1—Stars can/cannot be seen
SN2—Sun is bright
2. SR3—Stars are bright
SN24—Sun lights moon
3. E1—Earth has day/night
SR1—Stars can be seen
4. E3—Sky has darkness
E1—Earth has day/night
5.
E2—Earth faces celestial objects
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6.
E3—Sky has darkness
7.
MN2—Moon has light
8.
L1—Light covers other light
9.
L4—Light reflects
Table 4.27. Simon’s knowledge pieces in his initial and final explanatory statements.

RQ4 Result #2: Four students demonstrated movement towards a deeper conceptual
understanding through a decrease in knowledge piece or group types.
However, not all students progressed towards a deeper conceptual understanding about
why stars can only be seen at night by demonstrating an increase in knowledge piece or group
types. For example, Lauren initially responded to the “big idea” question by saying, “In the sun,
it will be probably harder to see the stars because it’s probably going to be too light. And at night
you can see the stars perfectly. There’s like tons of them.” In her final STI she responded to this
same question by saying, “The reflection of the sun is making them dark and sometimes the
clouds cover them up and sometimes the sun just reflects on them.”
You can see the pieces of knowledge Lauren drew on to assemble each explanation in
Table 4.28 below. Lauren drew on five knowledge pieces from three different knowledge piece
groups in her initial explanation, whereas she used four knowledge pieces from three knowledge
piece groups in her final explanation.
Lauren’s Knowledge Pieces in her Initial and Final Explanatory Statements
Initial Explanatory Statement Pieces
Final Explanatory Statement Pieces
1. SN1—Sun can/cannot be seen
SR1—Stars can/cannot be seen
2. SR1—Stars can/cannot be seen
SR15—Stars are dark
3. SR13—There are lots of stars
L4—Light reflects
4. E1—Earth has day/night
NCO3—Clouds prevent stars from being seen
5. E3—Sky has brightness/darkness
Table 4.28. Lauren’s Knowledge pieces in her initial and final explanatory statements.
See Table 4.29 below for the remaining focus students’ initial and final explanatory
statements and the number of KP and KPG types evident within each statement. Students 1-3
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demonstrate movement towards a deeper conceptual understanding through an increase in
knowledge piece or group types, whereas Students 4-6 demonstrate this through a decrease in
knowledge piece or group types.
RQ4 Result #3: A change in diversity was not evident between the initial and final explanatory
statements of one student.
A change in diversity among Lane’s knowledge piece or group types was not evident
between his initial and final explanatory statements.
Remaining Focus Students’ Initial and Final Explanatory Statements
Student
Name
1.
Trevor
2.

Scarlett

3.

Jacob

Initial Explanatory
Statement

# KPs;
# of
KPGs

Since it’s already light out
you just can’t see them in
the day, but since it gets
darker you can see them in
the night.
The stars are bright but the
sun is even brighter and
sometimes the clouds even
cover the stars but they’re
always in the sky you just
can’t see them because the
sun’s bright and the moon
isn’t as bright as the sun
so you can see them easier
and they’re also pretty
bright.

3;2

The sun is a lot brighter
than the stars. Stars aren’t
bright enough to over
power the sun, which
means that the stars get
covered by the sun
because the sun is too
bright.

3;3

7;5

Final Explanatory
Statement
The sun is on the other side of
the world but I think the stars
are still in the day sky you
just can’t see them cause the
sun is overpowering them.
I think we can see them in the
night because I saw a video
where it said how the light
from the sun bounces off of
the moon and it reflects onto
us and I don’t think it does
the same with the stars. We
can’t see the stars because the
stars are bright and the sun is
bright but the sun is brighter
so they kind of like cover it
up.
In the day sky, the stars are
still there, but since the sun is
closer the sun seems more
brighter. And the stars don’t
have as much power to show
up, so you can’t see them. But
in the nighttime, there’s not
enough light to cover the
moon has gone away that
means that you can see the

# of
KPs; #
of
KPGs
5;3

8;5

10;5
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4.
Drake

5.

Robin

6.
Joanna
7.

The sun’s actually a star
and then the sun is a lot
closer than all the other
stars so the sun out
numbers the rest of the
stars because it’s a lot
closer and a lot brighter.
In the day sky, the sun’s
so bright that it covers the
brightness of the stars I
think and then in the night
sky it’s so dark that the
brightness of the stars
makes it brighter for you
to see the stars better.
You can’t see them cause
the sun blocks out the
light. It has too much light
and you can’t see the stars
anymore.
The stars are bright and in
the daytime it’s bright too,
so you can’t see them. The
stars blend in with the
daytime.

5;3

stars since they’re closer right
now. And the moon doesn’t
have as might light as the sun,
which means it can’t
overpower the stars.
Since the sun it’s like behind
the moon at night so the sun
is overpowering the other
stars so that means we can’t
see the stars in the day sky.

4;4

7;5

The sun’s too bright and the
brightness blocks the stars.

2;2

3;3

The sun is so bright that it
overpowers the stars’ light.

2;2

5;3

I think that the stars are still
5;3
up in the sky but you can’t
see them because stars are
Lane
bright and the sun is like
brighter than the stars so the
stars blend in with the sun.
Table 4.29. Focus students’ initial and final explanatory statements with number of knowledge
pieces and knowledge pieces groups identified.
RQ4 Results Summary.
As the presentation of the results thus far indicate, the analysis of students initial and final
explanatory statements revealed three main findings: (1) Six students demonstrated movement
towards a deeper conceptual understanding through an increase in knowledge piece or group
types; (2) Four students demonstrated movement towards a deeper conceptual understanding
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through a decrease in knowledge piece or group types; and (3) A change in diversity was not
evident between the initial and final explanatory statements of one student.
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CHAPTER 5: DISCUSSION AND FUTURE DIRECTIONS
The findings from my dissertation work contributes to existing literature that builds theory on
how children construct explanations in the natural world (Carraher, Smith, Wiser, Schliemann &
Cayton-Hodges, 2009; Parnafes & diSessa, 2013; diSessa at al., 2016). According to diSessa
(2018), “theory development… requires the richest data sources possible in order to synthesize
and achieve the fullest possible accountability to the details of process” (p. 69). This
accountability to the details of students’ thinking about why stars can only be seen at night was
the intention of this dissertation study as I collected rich artifacts of students’ thinking through
transcripts of clinical Student Thinking Interviews and classroom discourse. “This is opposed to
data that is quickly filtered and reduced to a priori codes and categories” (p. 69).
In my dissertation study, I carefully synthesized each element of 11 focus students’ thinking
before, during, and after instruction about why stars can only be seen at night in order to make a
contribution to the Knowledge in Pieces literature by validating how we construct knowledge
and understanding in science (i.e. Knowledge in Pieces). diSessa acknowledges the importance
of this approach when he says, “In practice… rich data sources of students thinking (e.g., in
clinical interviews) or learning (full-on corpora of individual or classroom learning) have been
systematically used in KiP not only to validate, but also to generate new theory” (p. 69).
While it may seem like there is not practical applications to my dissertation study as key
findings cannot be given directly to teachers for application in their classrooms, the fine-grained
disciplinary understanding gained from this work about how children construct explanations
about why stars can only be seen at night can be used to guide practical applications that can be
leveraged to shape teacher practice (Carraher, Smith, Wiser, Schliemann & Cayton-Hodges,
2009). For example, findings from this work can be used to develop teacher professional
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development experiences and design-based research curriculum materials that help teachers learn
how to find productive pieces of knowledge in what students say and do themselves and gain
skill in leveraging their students’ productive knowledge pieces to inform their science teaching
practice in ways that support meaningful science learning. According to McLaughlin &
Calabrese Barton (2013), it is not simply about what teachers know about their students, but how
they use what they know to engage students meaningful in science as learners. This will allow
teachers to learn about this how we construct knowledge and understanding in science (i.e.
Knowledge in Pieces) and how they can use this understanding to drive practice.
I present an excerpt from Ms. Bernina’s classroom teaching below as an illustrative example
to frame a discussion about the type of pedagogical implications this work can inform.
Line 1 Ms. Bernina: Tell me some items that you draw in your day sky.
Line 2 Drake: Once in a great while you can see the moon.
Line 3 Ms. Bernina: Drake you said sometimes the moon, so when do we
sometimes see the moon?
Line 4 Drake: When it’s like a full moon or something.
Line 5 Ms. Bernina: When it’s like a full moon, okay.
Line 6 Drake: When the sun’s not like really bright because the sun’s a lot
brighter than the moon that could be why like you can only see it when the sun’s
like sort of like dimmer.
Line 7 Ms. Bernina: Okay, so let’s think about his idea for a second. He’s saying
that the sun is brighter than the moon sometimes, but the sun isn’t as bright and
that means we can see the moon.
Line 8 Drake: [nods head yes]
Line 9 Kyle: Well the moon is always going to be darker than the sun because the
moon doesn’t produce like, the light reflects off the moon from the sun. And also
if the sky’s clear, if there’s like a little bit of clouds like in front of the sun where
the sun is facing from, umm, it stops it from hiding the moon all the way so you
can’t see it until nighttime.
Line 10 Ms. Bernina: Why does reflecting light make the moon darker?
In the excerpt, Ms. Bernina demonstrates skill in providing space for her students’
ideas and thinking to become foregrounded as she guides a whole class discussion about
the objects her students have observed in the sky during the day. This excerpt also
demonstrates her seeking to better understand the ideas presented as she intentionally
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asks further probing and pressing questions For example, she opens an opportunity for
Drake to expand on his idea in Line 3 when she asks “When do we sometimes see the
moon?”. In this way, she can identify the pieces of knowledge present in her students’
ideas and thinking that can later be leveraged as a foundation for meaningful science
learning. For instance, Ms. Bernina picked up on Drake’s knowledge piece type sun is
brighter in Line 7 and Kyle’s knowledge piece type moon reflects light in Line 10.
However, she did not pick up on Kyle’s knowledge piece type clouds hide sun in Line 9.
Imagine how this classroom dialogue might look different if she had a different theory of
learning—one that was focused on knowledge rather than thinking. Rather than making students’
everyday thinking and ideas central in her practice and supporting her students in thinking about
the how’s and why’s in science, she would be solely focused on the correct answer instead of
using students ideas about how things work and why things happen in the natural world as a
starting point for building scientific knowledge. For example, if Ms. Bernina placed her
emphasis on knowledge rather than thinking, then she would not use Drake’s knowledge piece
type sun is dim in Line 6 because she would view it as deficient or discontinuous with canonical
science. However, there is productive potential in Drake’s knowledge piece type sun is dim,
which would go underutilized or ignored in science class where the right answer is privileged.
This does not allow students to engage in reasoning or idea revision, which often leads them to
memorize “school” knowledge and fall back on their original ideas when making sense of
scientific phenomenon in their everyday life (Campbell, Schwarz, & Windschitl, 2016).
You can imagine designing teacher learning experiences with these implications in
mind, not as a list of knowledge piece types to be memorized, but by building teachers’
skills to be responsive to students’ knowledge piece types in meaningful ways. Ms.
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Bernina demonstrates the type of skill we hope teachers to gain through practical
implications from the theoretical contributions of this dissertation work. She understands
that students learn with their ideas about how things work and why things happen in the
natural world and supports this in her everyday science teaching practice. So learning
how to support students in thinking about the how’s and why’s in science is what
teachers must make central in their practice and what we, as science teacher educator and
researchers, must attend to—helping teachers understand how students use their ideas to
build knowledge and how they can use their everyday thinking and ideas to drive practice
beyond simply drawing children into a lesson and sustaining their interest (McLaughlin
& Calabrese Barton, 2013).
Key Findings
As a reminder, the research questions guiding this dissertation work are: (RQ1) What pieces
of knowledge do children draw on when reasoning about and making sense of why stars can only
be seen in the sky at night?; (RQ2) How do children assemble these pieces to form coherent
explanations about this question?; (RQ3) What knowledge pieces are evident in children’s
artifacts created during meaningful science learning experiences about this phenomena? and
(RQ4) In what ways do focus students’ explanatory statements change overtime? Chapter 4
provided an in-depth look at the findings related to each of these four questions. Below, I offer a
brief summary of the findings related to each of these research questions, as well as a discussion
about how the key findings from each speak to existing literature. I, then, offer a discussion
about how these findings extend the field of how children learn in science, especially within the
domain of earth space science.
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Results Addressing (RQ1): What Pieces of Knowledge do Children Draw on when
Reasoning about and Making Sense of Why Stars Can Only Be Seen in the Sky at Night?
First, I examined the everyday thinking present in 11 children’s student thinking
interviews to determine what pieces of knowledge they used to reason about and make sense of
why stars can only be seen at night (RQ #1). An analysis of the student thinking interview data
reveals 3 main findings: (1) children draw on a range of knowledge pieces, some similar and
others unique, grouped around 13 areas (referred to as Knowledge Piece Groups, or KPGs, in the
presentation of the results below) when reasoning about why we can see the stars at night and not
during the day; (2) of the 13 KPGs, children drew on knowledge representing 5 of the groups
most often, and (3) while less common, children drew on knowledge representing eight other
KPGs in their sense-making process, and these pieces commonly revealed uniqueness among the
11 children’s thinking.
Across this data, we can see that children have a range of productive knowledge pieces they
can draw on to help them make sense of and reason about the how’s and why’s in science –
specifically to our case—why stars can only be seen in the sky at night? Others (Hammer, Russ,
Mikeska, & Scherr, 2008; Hammer, Goldburg, & Fargason, 2012; Reinfried & Kunzle, 2020)
have done this kind of analysis in different domains, like physical science (i.e. energy and
gravity) and life science (i.e. water springs). They found there are productive beginnings in what
children say and do. This work also argues that children’s everyday resources are productive in
helping them to develop scientific understanding. This literature does not claim that children
already understand the science concept at hand. Rather, it argues what children say and do is
filled with varied, productive resources for assembling coherent explanations. My dissertation
study speaks to this work as I also found that children draw on a range of knowledge pieces to
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reason about and make sense of earth space science phenomena—why stars can only be seen in
the sky at night.
My dissertation study extends existing literature on children’s thinking within physical and
life science domains as I am contributing to an understanding about how children learn in
science within the domain of earth space science. In addition, my dissertation study makes a
methodological contribution to the field as I applied the knowledge in pieces framework to
disassemble children’s coherent explanation into the smallest segments of knowledge in order to
understand the types of knowledge pieces children draw on to reason about why stars can only be
seen in the sky at night. While many of the knowledge pieces identified may be specific to the
domain of earth space science, others are relevant across the domains of science as they speak to
the science and engineering practices.
In-depth findings point to the theme that children have resources needed to engage with
scientific phenomenon in meaningful ways through authentic scientific practices, like drawing
models, making observations, citing data as evidence to support their conclusions, etc. As such,
this finding can be used to support the importance of science being an integral part of children’s
elementary school learning experiences and drive the implementation of reform-based practices
within elementary schools.
Results Addressing (RQ2): How Do Children Assemble their Knowledge Pieces to Form
Coherent Explanations about Why Stars Can Only Be Seen in the Sky at Night?
Next, I applied a second analytic approach to the student thinking interview data to
demonstrate how the focus students assembled their knowledge pieces to form sensible,
mechanistic explanations for why stars can only be seen at night (RQ #2). An analysis of the
explanatory statement data in the STI’s revealed 3 main findings: (1) children constructed a
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range of explanatory statements, some similar and others unique, grouped around eight areas
when reasoning about why we can see stars only at night; (2) of the eight areas, children
constructed explanatory statements that included the KPG of practice most often; and, (3) while
less common, children also constructed explanatory statements without pieces of knowledge of
practice in their sense-making process.
Across this data, we see that children draw on their pieces of knowledge in various ways as
they assemble explanations about why stars can only be seen in the sky at night. This finding
helps us understand how scientific understanding develops in children, specifically within the
domain of earth space science. The idea that children are able to draw on their everyday thinking
and ideas to construct sensible, productive explanations about scientific phenomenon in the
world around them is supported by the literature (Hammer, Russ, Mikeska, & Scherr, 2008;
Hammer, Goldburg, & Fargason, 2012; Reinfried & Kunzle, 2020). In other studies, this type of
analysis has been used to categorize students’ everyday thinking and ideas in order to compare
them with those existing in the literature, which in turns helps us, as a field, to better understand
how scientific understanding develops within children (Merrit, Bowers, & Rimm-Kaufman,
2019; Reinfried & Kunzle 2020).
For example, Merrit, Bowers, & Rimm-Kaufman (2019) used fourth grade students’ survey
data collected at the end of a unit about electricity and energy resources to describe students’
preconceptions in order to better understand how energy concepts develop in children. Similarly,
Reinfriend & Kunzle (2020) investigated students existing knowledge related to the formation of
water spring and identified two new categories of explanations not previously documented in the
literature—stuff in motion has force and hard stuff blocks, loose stuff lets something through.
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My dissertation study takes this understanding and lays the groundwork for understanding
how earth space science concepts develop in children through a detailed description of the
knowledge pieces and categories of explanations used by the focus students to make sense of
why stars can only be seen at night. However, the intention of my dissertation work was not to
create a list of knowledge pieces and explanations types for teachers to memorize and look for in
their teaching practice. Instead, the intention of this multi-scaled study was to extend the
literature by offering data to help us, as teacher educators and researchers, better understand how
children’s thinking changes from moment to moment.
In 2018, diSessa acknowledged the need for this type of work when he said, “most
conceptual change research, and, indeed, a lot of educational research, is limited to before-andafter studies, and there is almost no accountability to process data, to change as it occurs in
moments of thinking” (p. 68). My dissertation study takes this understanding of how children’s
ideas and thinking change from moment to moment a step further through my methodological
choices to see if understanding children’s most used knowledge piece types can help us to
determine how they may make sense of the phenomenon at hand.
This finding extends the literature by offering evidence that an understanding of children’s
most used knowledge piece types can be used in determining how children might think about
scientific concepts. This has practical implications for teachers’ science practice as they gain
skill in identifying their students’ knowledge pieces, they will come to understand the ways in
which their students’ might make sense of the scientific phenomenon under investigation. This
understanding will help them become better positioned to leverage their students’ ideas and
thinking, as well as their subsequent potential explanations, as the foundation for meaningful
science learning in their classrooms.
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Results Addressing (RQ3): What Knowledge Pieces are Evident in Children’s Artifacts
Created During Science Learning Experiences about This Phenomena?
Then, I examined artifacts created by the focus students during a unit about why we see start
only at night to identify the knowledge pieces evident in children’s artifacts created during
meaningful science learning experiences about this phenomenon (RQ #3). In total, 37 of 118
knowledge piece types evident in the STI data were also evident across 51 student artifacts.
These pieces of knowledge grouped around nine of the original 13 KPGs, including: (1) Sun, (2)
Stars, (3) Moon, (4) Earth, (5) Practice, (6) Non-Celestial Objects, (7) Light, (8) Brightness, and
(9) Darkness. This data demonstrates that students used many of the same knowledge pieces they
had used during their STIs when they were engaged in a unit focused on this big idea. However,
there were also other knowledge pieces that were unique to the student artifact data (meaning
these pieces did not show up in the STIs). Thirteen new knowledge pieces across six existing
KPGs were identified that were unique to the student artifact data.
This finding speaks to existing literature that offers evidence that children bring varying
pieces of knowledge productive for beginning inquiry in science with them to their school
science learning experiences (Hammer, Russ, Mikeska, & Scherr, 2008; Plummer, J. D., &
Maynard, L. 2014; Malleus, Kikas, & Kruus, 2016; Merritt, Bowers, & Rimm-Kaufman, 2019;
Canlas, 2021). My dissertation study contributes to this discussion as my analysis details
knowledge pieces students had prior to instruction through clinical Student Thinking Interviews
and during instruction through analysis of classroom artifacts created by students during their
school learning experiences about why stars can only be seen at night. In this way, I am able to
offer further support within the domain of earth space science to existing literature that
acknowledges that children do in fact come to their school science learning experiences with
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productive knowledge pieces that can be leveraged as the foundation for meaningful science
learning.
This finding also demonstrates the importance of context in children’s science learning. The
knowledge piece types used by children in different context are sometimes the same and
sometimes are different. As such, this has implications for teacher learning as it is not just about
helping teachers see productive pieces in what children say and do. It is also about being able to
help them see the productive potential in their students’ artifacts.
This is in contrast to other researchers (Morrison & Lederman, 2003; Vosniadou & Brewer,
2002) who are concerned with teachers diagnosing their students’ everyday ideas and thinking in
order to identify the ideas that are not in alignment with canon. These researchers present
children’s thinking as stable, context-general elements that must be replaced with “correct” ideas
and do not offer evidence of children’s thinking being filled with productive resources that can
be refined towards a deeper conceptual understanding.
My dissertation work extends existing literature that offers evidence that children do in fact
draw on productive, sensible pieces of knowledge tied to their everyday thinking and ideas
during the science learning experiences in school by detailing how this occurs. Through the data
I collected for my dissertation study, I am able to detail the pieces of knowledge children had
prior to instruction about why stars can only be seen in the sky at night, as well as the pieces of
knowledge evident during instruction about this phenomenon, which allows me to offer a finegrained analysis of those pieces present before instruction that children leverage during their
learning experiences, as well as note new pieces of knowledges that are specific to the learning
context.
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In addition, this finding further validates how we construct knowledge and understanding in
science that assumes children have a diverse collection of knowledge elements they draw on to
reason about and make sense of scientific phenomena. These resources are activated in the
moment to explain phenomena in the world, which is why my findings note 13 new knowledge
pieces across six existing knowledge piece groups in the classroom artifact data that were not
present in the pre-student thinking interview data.
Results Addressing (RQ4): In What Ways Do Focus Students’ Explanatory Statements
Change Overtime?
Lastly, I returned to the pre STI to identify the focus students’ initial explanatory statement,
including the students’ complete explanation after I first posed the big idea question—why can
stars only be seen at night? Then I examined their post STI data (i.e. STI conducted after the
focus students’ learning experiences) to identify their final explanatory statement following the
same analytic rule used to determine the initial explanatory statement for each focus student in
the pre-STI transcripts. Through this analysis, I was interested in whether focus students’ initial
explanatory statements changed from STI #1 to #2.
An analysis of students’ initial and final explanatory statement data revealed three main
findings: (1) three students demonstrated movement towards a deeper conceptual understanding
through an increase in knowledge piece or group types; (2) three students demonstrated
movement towards a deeper conceptual understanding through a decrease in knowledge piece or
group types; and (3) a change in diversity was not evident between the initial and final
explanatory statements of one student.
As such, the findings from this dissertation study reveal that children can work with their
everyday thinking and ideas during in-school science learning experiences to reach a deeper
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conceptual understanding of earth space science phenomenon. Similarly, existing literature
demonstrates that a combination of out-of-school and in-school learning experiences has a
positive impact on children’s learning (Calabrese Barton and Tan, 2009). For example, Plummer
(2014) measured the impact of planetarium (out-of-school) and classroom lessons (in-school) on
students’ understanding of lunar phenomena. The findings from this study revealed that a
combination of active engagement in both spaces resulted in students developing a more
sophisticated understanding of lunar phenomena.
However, this does not demonstrate how children draw upon the understanding gained in one
context (i.e. planetarium) to inform their learning in a different context (i.e. science classroom).
While I recognize the importance of investigating children’s explanations in a range of learning
contexts, most of these studies simply identify the pieces of knowledge children bring to or gain
from their school learning experiences. They do not investigate the ways in which students’ work
with their everyday thinking and ideas as a foundation for meaningful learning. As such, my
dissertation study extends this work by illuminating in what ways students’ gradually restructure
their everyday thinking and ideas about why stars can only be seen in the sky at night as they
build a more coherent, mechanistic explanation about this phenomenon.
A common thread throughout my key findings is the contribution of this dissertation
work to validate how we construct knowledge and understanding in science (i.e. Knowledge in
Pieces). This finding is no different. In fact, it supports a key assumption of the KiP theory in
particular—being wrong as an inescapable part of learning. As such, the gradual restructuring of
intuitive or commonsense knowledge elements, evident within students pre and post student
thinking interview explanatory statements, is essential for meaningful science learning (Davis,
Horn, & Sherin, 2013). In this way, “ideas and reasoning become ‘good’ in science class in
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similar ways that they are ‘good’ in science” (Coffey, Hammer, Levin, & Grant, 2011). This
perspective is shared by many other researchers of children’s thinking and learning, including
Hammer, Goldberg, & Fargason (2012), Sabo, Goodhew, & Robertson (2016), Alonzo & von
Aufschnaiter (2018), Reinfried & Kunzle (2020), and Aqazade, & Bofferding (2021).
In summary, the aggregate, key findings from my dissertation study were:
1) Students draw on a range of knowledge pieces, some similar and others unique, to
make sense of earth space science phenomena.
2) An understanding of students’ knowledge pieces and groupings can be used to
understand how they might think about earth space science phenomenon.
3) Students bring their knowledge pieces tied to their everyday ideas and thinking to
their in-school science learning experiences.
4) Students gradually restructure their knowledge pieces overtime as new learning
occurs.
Implications
These findings have many implications for the work we do of preparing future and practicing
elementary science teachers. We know that children inherently bring their everyday thinking and
ideas to in-school learning contexts. However, we know little about the range of ways children
work with their everyday thinking and ideas during in-school science learning experiences. If we
want teachers to leverage children’s everyday thinking as the foundation for meaningful science
learning, then we need to understand how the basis for learning in a given in-school science
learning context is composed of the everyday thinking and ideas children bring with them to the
classroom. As such, this dissertation study contributes to existing literature in two ways: 1)
theoretically and 2) practically.
Theoretically, this research can contribute to our understanding of how children use their
everyday thinking and ideas in science to make sense of the world around them. Specifically, it
contributes to really rich nuanced identification of knowledge pieces around a single ESS
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concept. In addition, it contributes to what we know about children’s thinking and how they use
their knowledge in their learning.
Practically, this work can inform how we support teachers in being responsive to children’s
ideas and thinking when they teach science. For example, this dissertation work can inform the
design of teacher professional development focused on supporting teachers in recognizing and
using children’s everyday thinking in their science classrooms as the basis for the activity that
drives learning in science. It is important to note that professional development stemming from
this work would not focus on teaching teachers all of the 118 types of knowledge children used,
rather it would focus on teaching teachers the ways in which they can recognize and leverage
knowledge pieces in their students learning.
In the paragraphs below, I present a detailed picture of a long-term, three part professional
development experience to further illuminate how the methods and findings of my dissertation
study can be leveraged in specific ways to design teacher professional development that supports
teachers in developing skill in teaching science in ways that foregrounds their students ideas and
thinking in meaningful ways.
In part one, I envision the professional development experience beginning with a discussion
about what are children’s everyday thinking and ideas in science (i.e. things we use to make
sense of our interactions with the natural world). I would facilitate this discussion by asking
teachers to identify something they think but are not certain about related to a scientific
phenomenon in the world around them. I would ask teachers to write down a complete
description of their thinking. For example, a teacher may have ideas about how gravity works or
how plants get energy. These ideas may be right, wrong, or a little bit of both. Next, I would ask
teachers to consider why they think this by reflecting on questions like: 1) What evidence from
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your experiences with this phenomena do you have?; 2) Where did you get this idea?; and 3) Has
this always been your idea, or has it changed or evolved overtime? How or why?
Then, I would draw on teachers’ everyday ideas to facilitate a discussion to identify the
scientific phenomenon the idea references, how the idea makes sense of the phenomenon at
hand, where the idea may have come from, and how the idea could be used to reach a deeper
conceptual understanding. I would end this professional development session by challenging
teachers to pay attention to their students’ ideas and thinking when teacher science and be
prepared to share what they noticed at the next professional development session.
During session two, I would begin with a discussion of the student ideas and thinking
teachers noticed when teaching science. Then, I would transition to helping them see and hear
the productive pieces of what children say and do in science learning by providing illustrative
examples in written and video form, like the case studies of student inquiry in physical science
presented in Hammer & van Zee’s book Seeing the Science in Children’s Thinking: Case Studies
of Student Inquiry (2006). This part of the professional development experience would be
scaffolded in order to support teachers learning. For example, the analysis of the first case would
be heavily facilitated by the professional development (PD) instructor. The idea is that the PD
instructor would stop the video at key places to discuss the thinking present and the implications
for teaching. The analysis of the last case would be less guided with teachers working in small
groups to analyze the case for evidence of students’ thinking. Teachers would then present what
they learned about their students’ thinking and their ideas about how they would use what they
learned in their teaching practice. Ideally, teachers would analyze a minimum of three cases.
Each case analysis could be a single professional development session.
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In part three of the professional development experience, I would connect students’ ideas and
thinking to participating teachers’ science teaching practice by asking them to identify a single
Next Generation Science Standard within the grade level they teach to focus on during the
remaining portion of the professional development experience. They would use this standard to
design their own STI protocol related to the standard’s disciplinary core idea in one session. In
the second session, teachers would practice conducting their STI with their peers and make any
final revisions necessary before conducting the STI with at least two of their students. During
session three, teachers would return with transcripts of their STIs. We would analyze these
transcripts for evidence of their students’ knowledge and thinking and work to identify themes
that could inform their teaching about the scientific phenomenon under investigation.
Next, teachers would be asked to make three revisions to an existing science curriculum
related to the NGSS they chose based on what they learned about their students’ ideas and
thinking. Upon completion of the revisions, they would be asked to teach the revised lesson and
collect any student artifacts created during the implementation of the revised lesson. During the
next professional development session, teachers would be asked to reflect on their teaching of
the revised lesson by considering things like: 1) What student thinking/ideas did you notice as
you implemented this modification? 2) How did you respond to this thinking? and 3) How do
you think this modification better supported your students conceptual understanding of the
lesson focus? In addition, they would be asked to analyze the student artifacts from the same two
students they conducted their STI with to determine what, if any, changes they saw in their
students’ ideas and thinking as a result of engaging in the revised science lesson.

Future Directions
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In the future, I hope to extend this work by investigating how teachers plan, teach, and reflect
on their practice in ways that are responsive to their students everyday thinking and ideas in
order to further understand how to better support teachers in developing skill in teaching science
in reform-based ways, especially in the early grades. I can begin this work with Ms. Bernina—
the focus teacher of this dissertation study—as I have data that speaks to how she considered her
students’ ideas and thinking before, during, and after instruction. Beyond the scope of this
dissertation study, I think a logical next step for me would be to consider how pre-service
teachers learn to do this work within a teacher educator program intentionally designed to
support teachers in learning how to teach science in ways that make students’ thinking central in
their practice through authentic engagement with the science and engineering practices. I would
like to conduct a multi-year study that follow pre-service teachers from their elementary science
methods course through their student internship experiences to better understand the affordances
and barriers in preparing teachers to teach science in reform-based ways.
In addition, I would also like to extend this work to learning contexts that occur outside of
school where science learning may occur, like positive youth development settings. This context
is particularly interesting to me as I am curious about the way’s educators, more broadly (i.e.
positive youth development practitioners and volunteers), support children in learning science as
these “educators” are often not traditional educators in the sense that they studied how to teach.
They are unique in the sense that they have a passion for a particular topic and/or skill and enjoy
sharing their knowledge with young people who share a similar spark. For example, do positive
youth development practitioners have resources unique to their type of educator group that
positions them to better support children in learning science? Are they responsive in new ways
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given the learning context in which they perform? Are children more likely to engage in science
practices in authentic and meaningful ways?
Another potential site of exploration I am interested in exploring is the rich context that is
created as children engage in the practices of science collaboratively with each other. In other
words, I am interested in how children elicit each other’s ideas and thinking, how they respond to
one another’s ideas, and in what ways they select, refine, and integrate the ideas and thinking of
their peers into their own system of knowledge pieces. In order to investigate this, I would like to
collect data during small group time where children are engaging in the science and engineering
practices in authentic, meaningful ways together to better understand the ways in which children
intuitively do this work without explicit instruction.
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Appendix A
ENGAGE Phase Handout
Name: ____________________________
1. Draw the celestial objects you can see in the day and night sky.
Day Sky Observations

Night Sky Observations

2. Write an explanation to the “big idea” question using the sentence stem provided.
Why can we see stars in the sky at night and not during the day?
I think stars can be seen in the sky at night, because____________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________.
I think stars cannot be seen in the sky during the day, because____________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________.
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3. Draw a picture to explain your thinking.
Why We See Stars In Night Sky

Why We Cannot See Stars In Day Sky
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EXPLORE Phase Handout
Name: _____________________________
Group Working Model for Why We See Stars in Night Sky

We think stars can be seen in the night sky because ______________________________________________________________________________
________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________
Our model shows our thinking because ________________________________________________________________________________________
________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________
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Name: _____________________________
Group Working Model for Why We Cannot See Stars in Day Sky

We think stars cannot be seen in the day sky because _____________________________________________________________________________
________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________
Our model shows our thinking because ________________________________________________________________________________________
________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________
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EXPLAIN Phase Handout
Name: _________________________________
Why does the Sun appear larger and brighter than other stars?

Distance Away

Diameter of Soccer Ball

Brightness of Penlight

_________ cm

(dim, bright, very bright)

2 meters

cm

4 meters

cm

6 meters

cm

1. What do you notice about the diameter of the soccer ball as the distance changes?

2. At what distance did the soccer ball appear the biggest? Why?

3. At what distance did the soccer ball appear the smallest? Why?

4. What do you notice about the brightness of the penlight as the distance changes?

180

5. Which of the penlights appeared the brightest? Why?

6. Which of the penlights appeared the dimmest? Why?

7. How does this activity help you understand why the sun in the day sky appears larger and
brighter than the stars in the night sky?

8. How does this activity help you understand why the stars in the night sky appear smaller
and dimmer than the sun in the day sky?

9. How does this activity help you explain why we cannot see stars in the day sky?

10. Draw a picture to explain your thinking.
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ELABORATE Phase Handout
Name: ______________________________
Oliver lives in the big city of Chicago with his family. He loves stars very much, but when
he looks up at the night sky he can’t see the stars. Oliver doesn’t understand why he can’t
see the stars from where he lives. Can you help Oliver solve his problem?
1. Why do you think Oliver can’t see the stars in the night sky?

2. How does this prevent Oliver from seeing the stars in the night sky?

3. What do you think Oliver should do to see the stars in the night sky?
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EVALUATE Phase Handout
Name: _____________________________

Earth
Neptune

Sun
Image you are eating lunch on planet Neptune. Would you be more or less likely to see stars other than the sun in the sky?
Explain your thinking.
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